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ABSTRACT
Tomato l e a f  t i s s u e  in o c u la te d  w i th  ra c e  1 (co m p a tib le )  and 
ra c e  0 ( in c o m p a t ib le )  o f  P h y to p h th o ra  i n f e s t a n s  (Mont.) de Bary 
was examined w i th  l i g h t ,  s c a n n in g  e l e c t r o n  and t r a n s m is s io n  e l e c t r o n  
m ic ro sc o p e s .  Germ inated zo o sp o res  and s p o ra n g ia  were observed  on 
th e  in o c u la t e d  l e a f  s u r f a c e .  Germ tu b es  o f  s p o ra n g ia  had p e n e t r a t e d  
e p id e rm a l  c e l l s  d i r e c t l y ;  o th e r s  had e n te r e d  th rou gh  s to m a ta l  o p en ­
in g s .  Hyphae from s u r f a c e  mycelium were o bserved  to  p a ss  th rou gh  
s to m a ta l  o p e n in g s .  I n t e r c e l l u l a r  mycelium ra m if ie d  betw een th e  
p a l i s a d e  m esophy ll  c e l l s ,  p e n e t r a t i n g  h o s t  c e l l s  w i th  one to  
s e v e r a l  lo n g ,  curved  h a u s t o r i a .  Mycelium was found i n t r a c e l l u l a r l y  
in  xylem v e s s e l s  o f  tomato l e a f l e t s .
A m a tr ix  which s t a in e d  d i f f e r e n t l y  th an  th e  fu n g a l  o r  h o s t  
c e l l  w a l l  was found between the  c e l l  w a l l s  o f  th e  h o s t  and 
p a r a s i t e .  S im i la r  m a t e r i a l  was p r e s e n t  between a d ja c e n t  m y c e l ia l  
s t r a n d s .
The i n i t i a l  s t a g e  in  the  developm ent o f  a h a u s to r iu m  i s  th e  
i n i t i a t i o n  o f  a p a p i l l a - l i k e  s t r u c t u r e  o f  m o d if ied  h o s t  c e l l  w a l l  
m a t e r i a l  a t  th e  p o i n t  where th e  fungus and th e  h o s t  c e l l  come in  
c o n t a c t .  T h is  i s  fo llow ed  by the  developm ent o f  a young c a p i t a t e  
h a u s to r iu m  which i s  su rrounded  by a s h e a th  o f  m o d if ied  c e l l  w a l l  
m a t e r i a l  o f t e n  c o n ta in in g  p a r t i c u l a t e  m a t e r i a l .  A m ature  h a u s to r iu m  
h as  a c o n s t r i c t e d  neck where i t  p a s s e s  th ro u g h  th e  h o s t  w a l l .  A 
c o l l a r  o f  s h e a th  m a t e r i a l  e n c i r c l e s  th e  b a s a l  p o r t i o n  o f  th e  
h a u s to r iu m . The d i s t a l  p o r t i o n  o f  the  h a u s to r iu m  i s  n o t  covered
iv
by a s h e a th ,  thus  the h a u s t o r i a l  c e l l  w a l l  a p p e a rs  to  l i e  d i r e c t l y  
a g a i n s t  the h o s t  plasma membrane.
Swollen endoplasm ic  r e t i c u lu m ,  in c re a s e d  g o lg i  a c t i v i t y ,  
d i s t o r t e d  m ito c h o n d r ia ,  c h l o r o p l a s t  d e s t r u c t i o n  and w a l l  l e s io n s  
were observed  in  c e l l s  o f  i n f e c te d  l e a v e s .  Most o f  th e s e  e f f e c t s  
on h o s t  c e l l s  were observed  in  th e  l e a f  l e s i o n  a re a  w he ther  o r  
n o t  th e  c e l l  was p e n e t r a t e d  by h a u s t o r i a .
v
INTRODUCTION
The . in fe c t io n  p ro c e s s  and the  a n a to m ic a l  r e l a t i o n s h i p  between 
a p l a n t  pa thogen  and i t s  h o s t  have been th e  s u b j e c t  o f  numerous 
m o rp h o lo g ica l  s t u d i e s .  L ig h t ,  s c a n n in g  e l e c t r o n  and t r a n s m is s io n  
e l e c t r o n  m icroscopes  have been used  to  s tu d y  th e  h o s t - p a r a s i t e  
i n t e r f a c e  o f  c e r t a i n  d i s e a s e s .  The r e s u l t s  o f  th e s e  s t u d i e s  have 
c o n t r i b u te d  to  an u n d e rs ta n d in g  o f  th e  p r o c e s s  o f  p a th o g e n e s is .  
Review a r t i c l e s  o f  th e  i n f e c t i o n  p r o c e s s  o f  p l a n t  c e l l s  a n d /o r  
s u r f a c e s  by fu n g a l  p a th o g e n s  have been  w r i t t e n  by Wood (30) 
and E h r l i c h  and E h r l i c h  (1 1 ) .
P hy to p h th o ra  i n f e s t a n s  (Mont.) de B ary , th e  c a u s a l  a g en t  o f  
the  l a t e  b l i g h t  d i s e a s e  o f  p o t a to  and tom ato  p l a n t s ,  i s  a very  
d e s t r u c t i v e  p a th o g en . Under ex trem e c o n d i t i o n s ,  i t  c au se s  t o t a l  
c rop  f a i l u r e .  Most o f  th e  r e s e a r c h  on th e  l a t e  b l i g h t  d i s e a s e  
has been d i r e c t e d  toward a s tu d y  o f  th e  p h y s io lo g y ,  e t i o l o g y  and 
anatomy o f  th e  d i s e a s e  on th e  e c o n o m ic a l ly  im p o r ta n t  p o ta to  p l a n t .
B lackw ell  (5) made an e x te n s iv e  l i g h t  m ic ro sc o p ic  study  o f  
the  h a u s to r i a  o f  P . i n f e s t a n s  in  p o ta to  t u b e r  and l e a f  t i s s u e .  
P r i s t o u  and G a l le g ly  (2 1 ) ,  Tomiyama (2 7 ) ,  Takakuwa and Tomiyama 
(26) and Sakuma and Tomiyama (25) p r e s e n te d  work r e l a t e d  to  th e  
i n f e c t i o n  p ro c e s s  o f  th e  l a t e  b l i g h t  pa th o g en  on p o t a to  t i s s u e .  
E h r l i c h  and E h r l i c h  (12) conducted  an  e l e c t r o n  m ic ro sc o p ic  s tud y  
o f  th e  hyphae and h a u s t o r i a  o f  t h i s  fungus in  p o ta to  t i s s u e .
In  1962, K ish i  (17) p r e s e n te d  a l i g h t  m ic ro sc o p ic  s tu d y  o f
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2th e  c y to lo g y  o f  the  h o s t - p a r a s i t e  r e l a t i o n s h i p  o f  the  tom ato -  
P . i n f e s t a n s  d i s e a s e  complex. He s tu d i e d  s p e c i f i c a l l y  the  
i n f e c t i o n  p ro c e s s  and th e  h o s t  r e a c t i o n  to  fu n g a l  in v a s io n  o f  
tom ato m id r ib  l e a f  t i s s u e .  To d a te  no f u r t h e r  c y t o l o g i c a l  
i n v e s t i g a t i o n s  o f  the  tom ato - P. i n f e s t a n s  d i s e a s e  complex have 
been r e p o r t e d .
The pu rpose  o f  th e  p r e s e n t  i n v e s t i g a t i o n  was to  s tu d y  
m ic r o s c o p ic a l ly  tomato l e a f  t i s s u e s  i n f e c te d  w i th  P . i n f e s t a n s  
in  r e l a t i o n  to  th e  i )  p r im ary  i n f e c t i o n  p r o c e s s ,  i i )  p h y s i c a l  
l o c a t i o n  o f  th e  fu n g a l  t h a l l u s ,  and i i i )  th e  h o s t - p a r a s i t e  i n t e r ­
fa c e  .
MATERIALS AND METHODS
The tomato p l a n t s ,  L y co p e rs ico n  e seu len tu m  L . ,  used in  t h i s  
s tu d y  were d e r iv e d  by s e l f i n g  i n d iv i d u a l  p l a n t s  from the  b re e d in g  
l i n e  386-1-5  s u p p l ie d  by Dr. M. E. G a l le g ly  a t  West V i r g in ia  
U n iv e r s i ty ,  Morgantown, West V i r g i n i a .  Progeny from p l a n t  S e l e c t io n  
33 used in  t h i s  s tu d y  were homozygous r e s i s t a n t  to  r a c e  0 o f  
P . i n f e s t a n s  and s u s c e p t i b l e  to  r a c e  1 o f  P . i n f e s t a n s .
The p l a n t s  were grown in  v e r m ic u l i t e  in  one q u a r t  p l a s t i c  
c o n ta in e r s ,  fo u r  p l a n t s  p e r  c o n t a i n e r .  F u l l  s t r e n g t h  H oag landTs 
s o l u t i o n  (16) was used  as  th e  n u t r i e n t  so u rc e  a t  th e  tim e o f  
p l a n t i n g .  A f t e r  p l a n t i n g ,  one h a l f  s t r e n g t h  H oag land’s s o l u t i o n  
was used to  w a te r  th e  p l a n t s  a t  one day i n t e r v a l s .  The p l a n t s  
were grown in  an e n v iro n m e n ta l  chamber a t  20-23 C and i l l u m in a te d  
w i th  1400 f t - c  f l u o r e s c e n t  and in c a n d e s c e n t  l i g h t  f o r  14 h r  d a i l y .
Race 0 and r a c e  1 o f  P . i n f e s t a n s , were o b ta in e d  from Dr. M.
E. G a l le g ly ,  West V i r g i n ia  U n i v e r s i t y ,  Morgantown, West V i r g i n i a .
The c u l t u r e s  were m a in ta in e d  in  an in c u b a to r  a t  20 C on lim a 
bean a g a r  (.10 oz package f r o z e n  baby l im a  beans  b lended  f o r  2 
min, 14 g F i s h e r  a g a r ,  and 1 l i t e r  d i s t i l l e d  w a te r )  s l a n t s  in  
t e s t  t u b e s .  Z o o s p o re - s p o ra n g ia !  s u s p e n s io n  inoculum  was o b ta in e d  
from f lo o d  p l a t e  c u l t u r e s  o f  th e  fungus grown on lim a  bean a g a r  
in  p e t r i  d i s h e s .  Seven day o ld  c u l t u r e s  were used in  each s tu d y .  
T w en ty -f ive  ml o f  d i s t i l l e d  w a te r  was added to  f lo o d  each  p l a t e  
and th e  grow th lo o sen ed  from th e  a g a r  s u r f a c e  w i th  a s t e r i l i z e d
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g l a s s  ro d .  The su s p e n s io n  was f i l t e r e d  th rou gh  two l a y e r s  o f  
c h e e s e c lo th  i n to  a  200 ml f l a s k  and th e  c o n c e n t r a t i o n  a d ju s te d  
to  40 ,000 s p o r a n g i a /  ml d i s t i l l e d  w a te r  u s in g  a Neubauer hemocyto 
m e te r .  The fu n g a l  s u s p e n s io n  was in c u b a te d  a t  12 C f o r  2 h r  to  
induce  zoospore  l i b e r a t i o n .  The r e s u l t i n g  z o o s p o r e - s p o ra n g ia l  
su s p e n s io n  was used a s  th e  inoculum  f o r  t h i s  s tu d y .
When th e  tomato p l a n t s  were 3 weeks o ld ,  each  c o n ta in e r  was 
p la c e d  in  a h o ld e r  eq u ipp ed  w i th  f l a t  s u p p o r t iv e  s t a g e s  to  h o ld  
th e  l e a v e s  l e v e l  f o r  i n o c u l a t i o n .  The l e a f l e t s  were a t t a c h e d  to  
each  s t a g e  w i th  t h i n  s t r i p s  o f  m asking t a p e .  P l a s t i c  r i n g s ,
5 mm in  d ia m e te r  w i th  a 3 mm r im , were a t t a c h e d  to  th e  l e a f l e t  
s u r f a c e  by a t h i n  c o a t  o f  P e t r o la tu m .  One t e n t h  ml o f  inoculum  
was p i p e t t e d  o n to  th e  l e a f  s u r f a c e  w i th in  the  a re a  o f  th e  p l a s t i c  
r i n g .  A f t e r  i n o c u l a t i o n ,  th e  p l a n t s  were p la c e d  in  a d a rk  box a t  
100% r e l a t i v e  h u m id ity  and a p p ro x im a te ly  20 C f o r  24 h r .  A f t e r  
24 h r ,  th e  c o n ta in e r s  were removed from the  h o l d e r s ,  the p l a s t i c  
r i n g s  removed from th e  l e a f l e t s ,  and the  p l a n t s  r e tu rn e d  to  the  
e n v iro n m en ta l  cham ber. L e a f l e t  m a t e r i a l  was removed from the  
p l a n t s  f o r  p r o c e s s in g  a t  v a r io u s  tim e i n t e r v a l s  a f t e r  in o c u la t i o n  
Scanning  E le c t r o n  M icroscopy
The z o o s p o r e - s p o r a n g ia l  su sp e n s io n  used in  t h i s  s tu d y  was 
washed th r e e  t im es  i n  d i s t i l l e d  w a te r  by r e p e a te d  low speed  
c e n t r i f u g a t i o n  b e fo re  b e in g  used a s  th e  inoculum . L ea f  d i s c s  
a p p ro x im a te ly  5 mm i n  d ia m e te r  were c u t  w i th  a c o rk  b o r e r  from 
in o c u la te d  l e a f l e t  m a t e r i a l .  The l e a f  d i s c s  were c u t  a t  1 ,  2 , 3 ,
56 and 12 h r  i n t e r v a l s  a f t e r  i n o c u l a t i o n .  The d i s c s  were q u ic k  
f ro z e n  in  l i q u i d  n i t r o g e n  and p la c e d  on c o v e r s l i p s  p re -c o o le d  on 
a c h i l l e d  l y p h o l i z e r  t r a y  in  a f r e e z e r  f o r  30 m in. The t r a y  was 
th e n  t r a n s f e r r e d  to  the  l y p h o l i z e r  f o r  1 h r .
The ly p h o l i z e d  l e a f  d i s c s  were a t t a c h e d  to  co pp er  s tu b s  w i th  
doub le  s t i c k y  t a p e .  The s tu b s  were p la c e d  in  a vacuum e v a p o ra to r  
and a l a y e r  o f  carbon  and a l a y e r  o f  g o ld -p a l la d iu m  (4U:60 Ladd 
R esea rch  I n d . )  m e ta l  was e v a p o ra te d  on the  l e a f  s u r f a c e .  The 
c o a te d  l e a f  d i s c s  were viewed w i th  a J e o lc o  MT2 sc a n n in g  e l e c t r o n  
m ic roscope  a t  25KV.
C lea red  L ea f  D iscs
L ea f  d i s c s  5 mm in  d ia m e te r  were o b ta in e d  a s  o u t l i n e d  
p r e v i o u s ly .  D isc  sam ples were removed a t  1 ,  2 , 3 ,  4 , 6 ,  8 ,  12 , 2 4 , 
48 , and 72 h r  a f t e r  i n o c u l a t i o n .  The m a t e r i a l  was p la c e d  i n  a 
0.5% NaCl s o l u t i o n  f o r  12 h r ,  washed in  d i s t i l l e d  w a te r ,  and 
t r a n s f e r r e d  to  a  s a t u r a t e d  c h l o r a l  h y d ra te  s o l u t i o n  f o r  s e v e r a l  
days u n t i l  th e  d i s c s  were d e c o lo r i z e d .  The d i s c s  were washed in  
d i s t i l l e d  w a te r  and p la c e d  i n  a s t a i n i n g  s o l u t i o n  o f  1% a n i l i n e  
b lu e  in  la c to p h e n o l  (6) f o r  2-3 d a y s .  The d i s c s  were th en  h e a te d  
in  the  s t a i n i n g  s o l u t i o n  u n t i l  th e  m ix tu re  fumed. They were th en  
coo led  and r i n s e d  i n  l a c to p h e n o l  to  remove e x c e s s  s t a i n .  The d i s c s  
were t r a n s f e r r e d  to  a m icroscope  s l i d e  i n  a drop  o f  Permount and 
covered  w i th  a c o v e r s l i p .  The in o c u la te d  l e a f  d i s c s  were examined 
w i th  a L e i t z  U l t r a p h o t  l i g h t  m icroscope  u s in g  b r i g h t  f i e l d  
i l l u m i n a t i o n  to  l o c a t e  th e  fu n g a l  mycelium in  th e  h o s t  t i s s u e .
6P h o to g rap hs  were tak e n  on Kodak Panatom ic X b la c k  and w h ite  f i lm .  
H is to lo g y
L eaf d i s c s  1 mm in  d ia m e te r  were o b ta in e d  from l e a f l e t  m a t e r i a l  
p r e v io u s ly  in o c u la te d  w i th  a z o o s p o r e - s p o r a n g ia l  s u s p e n s io n  o f  P . 
i n f e s t a n s  a t  th e  tim e i n t e r v a l s  p r e v io u s ly  m en tio n ed . The p l a n t  
m a t e r i a l  was f ix e d  in  e i t h e r  ( i )  3% g lu ta ra ld e h y d e -3 %  a c r o l e i n  i n  
0 .0 2  M sodium c a c o d y la te  b u f f e r  a t  pH 7 .2  f o r  1 h r ,  washed in  
b u f f e r  f o r  1 h r  and p o s t f i x e d  in  2% osmium t e t r o x i d e  f o r  1 h r  ( 2 ) ;  
o r  ( i i )  2% p o ta s s iu m  perm anganate  i n  a  0 .0 2  M sodium c a c o d y la te  
b u f f e r  a t  pH 7 .2  f o r  1 h r .  T is su e  f i x a t i o n  and d e h y d ra t io n  were 
c a r r i e d  o u t  in  an i c e  b a th  a t  a p p ro x im a te ly  2 C. D eh y d ra t io n  o f  
m a t e r i a l  f ix e d  by e i t h e r  method was w i th  a  g raded  e th a n o l  s e r i e s  
fo l lo w ed  by embedding in  e i t h e r  M arag las  (13) o r  E p o n -A ra ld i te  
epoxy r e s i n  (1 8 ) .
S e c t io n s  used  f o r  e x a m in a t io n  w i th  th e  l i g h t  m icroscope  were 
c u t  w ith  a g l a s s  k n i f e  on a P o r te r -B lu m  u l tra m ic ro to m e  to  a 
th ic k n e s s  o f  1 u .  The s e c t i o n s  were p la c e d  in  a drop  o f  w a te r  on 
a c le a n  g l a s s  m icroscope  s l i d e  and h e a te d  u n t i l  th e  w a te r  e v a p o ra te d  
from the  p r e p a r a t i o n .  A drop  o f  s t a i n  (1% a n i l i n e  b lu e  in  10% 
b o r i c  a c id )  was p la c e d  on th e  s e c t i o n  and h e a te d  to  fuming (2 3 ) .  
Excess s t a i n  was removed w i th  w a te r  and th e  s e c t i o n  a i r  d r i e d .
The s l i d e s  were examined w i th  a L e i t z  U l t r a p h o t  l i g h t  m icroscope  
u s in g  b r i g h t  f i e l d  i l l u m i n a t i o n .  P h o to g rap h s  were tak e n  on Kodak 
Panatom ic X b la c k  and w h i te  f i l m .
S e c t io n s  used f o r  v iew ing  w i th  th e  e l e c t r o n  m icroscope  were
7c u t  w i th  a Dupont diamond k n i f e  on a  P o r te r -B lu m  u l tr a m ic ro to m e ,  
p la c e d  on c o l l o d i o n  c o a ted  copp er  g r i d s ,  p o s t  s t a in e d  w ith  
u r a n y l  a c e t a t e  (19) and le a d  c i t r a t e  (22) and examined in  an 
H i t a c h i  HU11A e l e c t r o n  m icroscope  a t  50KV.
RESULTS
Because o f  the  l a r g e  number o f  sp o re s  p e r  ml o f  inoculum , 
d i s e a s e  symptom e x p re s s io n  was ve ry  r a p id  in  in o c u la te d  l e a f l e t  
t i s s u e .  In  tomato t i s s u e  in o c u la te d  w i th  r a c e  0 ( in c o m p a t ib le )  
o f  P. i n f e s t a n s . h y p e r s e n s i t i v e  f l e c k s  were observed  on the  
l e a f l e t  s u r f a c e  a s  e a r l y  a s  18 h r  a f t e r  i n o c u l a t i o n .  By 72 h r ,  
a maximum number o f  f l e c k s  was o b se rv e d .
As e a r l y  a s  21 h r  f o l lo w in g  i n o c u l a t i o n ,  brown, w a te r - so a k e d  
s p o t s  app ea red  on the  l e a f l e t s  i n o c u la te d  w i th  r a c e  1 ( c o m p a t ib le ) . 
The w a te r - s o a k e d  a r e a s  had begun to  c o a l e s c e ,  r e n d e r in g  the  
l e a f l e t  a lm o s t  c o m p le te ly  brown and f l a c c i d  18 h r  a f t e r  i n o c u l a t i o n .  
By 72 h r ,  the  l e a f l e t  t i s s u e  became d ry  and b r i t t l e ,  th e  p e t i o l e  
had l o s t  i t s  t u r g o r ,  and brow nish  d i s c o l o r a t i o n  was no ted  in  the  
stem  p o r t i o n  o f  th e  p l a n t  a d ja c e n t  to  the  i n f e c t e d  l e a f .
Scann ing  E le c t r o n  M icroscopy
H e a lth y  l e a f  t i s s u e  (F ig .  1) ap pea red  to  be dev o id  o f  much 
s u r f a c e  d e b r i s  and c o n ta m in a t io n .  Because o f  the  g r e a t  number 
o f  sp o re s  in  th e  inoculum , th e  i n o c u la te d  l e a f  t i s s u e  showed a 
l a r g e  number o f  s p o ra n g ia  a n d /o r  zo o sp o res  p e r  l e a f  d i s c .
F re q u e n t ly  an acc u m u la t io n  o f  sp o ra n g ia  was found around c e l l s  a t  
the  base  o f  a l a r g e  l e a f  h a i r  (F ig .  2 ) .  M y c e lia l  s t r a n d s  o f  the  
fungus were a l s o  o bserved  to  be p r e s e n t  on th e  l e a f  s u r f a c e  as  
e a r l y  a s  2 h r  a f t e r  i n o c u l a t i o n .  S po rang ia  were seen  to  accum ulate  
in  th e  c r e v i c e s  between rows o f  g la n d u la r  h a i r s  on th e  d i s c  
s u r f a c e  (F ig .  3 ) .  At h ig h e r  m a g n i f ic a t io n ,  i n d iv i d u a l  s p o ra n g ia
9and zoospore  m a t e r i a l  were obse rv ed  (F ig .  4 and 6 ) .  Race 1 
zo o sp o res  and sp o ra n g ia  were e v id e n t  2 h r  a f t e r  in o c u la t i o n  
(F ig .  h ) . A zoospore  o f  r a c e  0 was ob se rv ed  which had germ ina ted  
in  c lo s e  p ro x im ity  to  a sporangium  3 h r  a f t e r  i n o c u l a t i o n  (F ig .
6 ) .  A nother g e rm in a ted  zoosp o re  w i th  w hat a p p e a rs  to  be an 
a p p re sso r iu m  i s  shown in  F ig .  5 .
S p o ran g ia  o f  P . i n f e s t a n s  may g e rm in a te  d i r e c t l y  and p e n e t r a t e  
h o s t  t i s s u e  c a u s in g  i n f e c t i o n  o r  p roduce  z o o sp o re s  which a re  
a g e n ts  o f  i n f e c t i o n .  A sporangium  shown in  F ig .  7 h a s  ge rm ina ted  
and p e n e t r a t e d  an e p id e rm a l  c e l l  d i r e c t l y .  An open s tom ate  i s  
e v id e n t  above th e  spo rang ium . A h ig h  m a g n i f ic a t io n  m icrograph  
o f  the  zone o f  p e n e t r a t i o n  r e v e a le d  a  c o l l a r  o f  m a t e r i a l  
su r ro u n d in g  th e  p e n e t r a t i o n  peg  (F ig .  8 ) .
G erm ina tin g  s p o ra n g ia  w i th  lo n g  germ tu b es  were a l s o  found 
on the  d i s c  s u r f a c e .  In  a p r e p a r a t i o n  12 h r  a f t e r  i n o c u l a t i o n ,  
th e  germ tube  o f  a sporangium  had b i f u r c a t e d ,  one s id e  t e r m in a t in g  
in  an e n la rg e d  b u lb  ( F ig .  9 ) .
Two sp o ra n g ia  a re  shown in  F ig .  1 0 . One o f  the  sp o ra n g ia  
has g e rm in a ted  and p e n e t r a t e d  a s to m a ta l  o p e n in g .  Mycelium was 
g e n e r a l l y  found to  be p r e s e n t  on th e  l e a f  s u r f a c e .  Some h yp ha l 
s t r a n d s  were ob se rv ed  w hich  had p a sse d  th ro u g h  a s to m a ta l  op en ing  
on th e  e p id e rm a l  s u r f a c e  (F ig .  1 1 ) .
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KEY TO LABELING OF THE FIGURES
A = a p p re sso r iu m  
B = b u lb  
C = c o l l a r  
GH = g l a n d u la r  h a i r  
LH = l e a f  h a i r  
M = mycelium 
S -  sporangium  
ST = stornate  
Z = zoospo re
F ig .
F ig .
F ig .
F ig .
H e a l th y  tom ato l e a f  e p id e rm a l  c e l l s  x 600.
Survey view o f  tom ato l e a f  t i s s u e  in o c u la te d  w i th  ra c e  1 .  
S p o ran g ia  (S) and mycelium (M) a r e  shown around th e  base  o f  
a l a r g e  l e a f  h a i r  (LH) x 160.
Survey view o f  tomato l e a f  t i s s u e  in o c u la te d  w i th  r a c e  1 .  
S poran g ia  (S) a r e  shown a g g re g a t in g  i n  th e  c r e v i c e s  between 
rows o f  g l a n d u la r  h a i r s  (GH) x 160.
Race 1 sp o ra n g ia  (S) and zo o sp o res  (Z) on th e  l e a f  s u r f a c e  2 
h r  a f t e r  i n o c u l a t i o n  x 600.

F i g .
F ig .
F ig .
F ig .
A ra c e  0 sporangium  (S) and a g e rm in a ted  zoospore  (Z) on the  
l e a f  s u r f a c e  3 h r  a f t e r  i n o c u l a t i o n .  What a p p e a rs  to  be an 
a p p re sso r iu m  (A) h as  been produced  a t  the  t i p  o f  th e  zoospore  
germ tube  x 1S00.
A ra c e  1 sporangium  (S) and a ge rm ina ted  zoospore  (Z) on the  
l e a f  s u r f a c e  2 h r  a f t e r  i n o c u l a t i o n  x 1MU0.
A ra c e  1 sporangium  (S) h a s  g e rm in a te d ,  p e n e t r a t i n g  an ep id e rm a l  
c e l l  d i r e c t l y  2 h r  a f t e r  i n o c u l a t i o n .  A s to m a ta l  open ing  (ST) 
i s  to  the  upper r i g h t  o f  th e  sporangium  (S) x 1200.
The sporangium  (S) o f  r a c e  1 h as  a c o l l a r  (C) o f  m a te r i a l  
s u r ro u n d in g  th e  p e n e t r a t i o n  peg , 2 h r  a f t e r  in o c u la t i o n  x 3500.
'(&&&?> > 'v
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F i g .  9 A g e rm in a ted  sporangium  (S) o f  r a c e  1 12 h r  a f t e r  i n o c u l a t i o n .  
The germ tube h a s  b i f u r c a t e d ,  one tube  t e r m in a t in g  in  a bu lb  
(B) which a p p e a rs  s i m i l a r  to  an a p p re sso r iu m  x 1H00.
F ig .  10 A g e rm in a ted  sporangium  (S) o f  r a c e  0 w i th  i t s  germ tube
p e n e t r a t i n g  a s to m a ta l  open ing  (ST) 2 h r  a f t e r  i n o c u l a t i o n  
x 1500.
F ig .  11 A m y c e l ia l  s t r a n d  (M) o f  ra c e  0 p e n e t r a t i n g  a s to m a ta l  open ing  
(ST) 2 h r  a f t e r  i n o c u l a t i o n  x 1500.

1 4
L ea f  C le a r in g s
L eaf c e l l s  from h e a l th y  t i s s u e  were c l e a r  a f t e r  a n i l i n e  b lu e  
s t a i n i n g  (F ig .  1 2 ) .  G erm inated sp o ra n g ia  and zo o sp o res  and an 
abundance o f  mycelium were found on th e  c le a r e d  and s t a in e d  
in o c u la te d  l e a f  d i s c s  when obse rved  between 12 and 72 h r  a f t e r  
in o c u l a t i o n  (F ig .  13, 15, 1 6 ) .  Empty s p o r a n g ia l  c a s e s ,  ungerm inated  
s p o ra n g ia  and sp o ra n g ia  c o n ta in in g  u n l ib e r a t e d  zo o sp o res  from th e  
o r i g i n a l  inoculum  were se en  on the  s u r f a c e  o f  a l l  l e a f  d i s c s  
fo l lo w in g  i n o c u l a t i o n  (F ig .  1 4 ) .
I n t e r c e l l u l a r  mycelium w i th  h a u s t o r i a  p r o t r u d in g  i n to  h o s t  
c e l l s  was found in  abundance 48 h r  a f t e r  i n o c u l a t i o n  th ro u g h o u t  
th e  tomato l e a f  t i s s u e  (F ig .  1 7 ) .  A number o f  th e  p a l i s a d e  
m esophy ll  c e l l s  c o n ta in  h a u s t o r i a  48 h r  a f t e r  i n o c u l a t i o n  (F ig .
18, 19, 20 and 2 1 ) .  The mycelium a p p e a rs  to  grow betw een th e  c e l l s  
o f  th e  p a l i s a d e  m eso p h y ll ,  b ra n c h in g  in  s e v e r a l  d i r e c t i o n s .  There 
a re  one to  s e v e r a l  h a u s t o r i a  p e r  c e l l .  The h a u s t o r i a  a r e  f i n g e r ­
l i k e ,  s l e n d e r  and curved  (F ig .  19, 20, 21) to  c u r le d  ( F ig .  18) 
p r o j e c t i o n s  i n to  th e  h o s t  c e l l s .  H ost c e l l  w a l l s  a re  o u t l i n e d  
and n u c le i  a re  o b se rv a b le  in  some c e l l s .  Two o r  more h a u s t o r i a  
may a r i s e  in  c lo s e  p ro x im ity  to  one a n o th e r  and p e n e t r a t e  th e  same 
c e l l  (F ig .  2 1 ) .  Numerous h a u s t o r i a  were o bserved  to  p e n e t r a t e  
s i n g l e  c e l l s  when i n t e r c e l l u l a r  mycelium p a r t i a l l y  e n c i r c l e d  th e  
c e l l  (F ig .  1 8 ) .
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KEY TO LABELING OF THE FIGURES
ES = empty sporangium  
GT = germ tube  
H = h a u s to r iu m  
HC = h o s t  c e l l  
M = mycelium 
N = n u c le u s  
S = sporangium  
ST = s tom ate
UZ = u n l i b e r a t e d  zo o sp o res  
Z -  zoospore
F i g .
F ig .
F ig .
F ig .
12 H ea lthy  tomato l e a f  ep id e rm a l  c e l l s  x 650.
13 S porang ia  (S) and mycelium (M) o f  r a c e  1 on th e  l e a f  s u r f a c e  
48 h r  a f t e r  i n o c u l a t i o n  x 500.
14 Empty s p o r a n g ia l  c a s e s  (E S), u n d i f f e r e n t i a t e d  sp o ra n g ia  (S) 
and sp o ra n g ia  w ith  u n l ib e r a t e d  z o o sp o re s  (UZ) on th e  l e a f  
s u r f a c e  48 h r  a f t e r  i n o c u l a t i o n  x 800.
15 A g e rm in a ted  sporangium  (S) i s  l y in g  on the  guard  c e l l  o f  a 
s to m ate  (ST) on the  l e a f  s u r f a c e  48 h r  a f t e r  i n o c u l a t i o n  x 
1500.
JLO
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F ig .
F ig .
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16 The germ tube (GT) o f  a ge rm in ated  zoospore  (Z) i s  l y in g  a t  
th e  j u n c t i o n  betw een two e p id e rm a l  c e l l s ,  <18 h r  a f t e r  
i n o c u l a t i o n .  M y c e l ia l  s t r a n d s  (M) a re  d a rk ly  s t a in e d  x 1700.
17 R am ifying  mycelium (M) o f  r a c e  1 w i th  numerous h a u s t o r i a  (H) 
e a s i l y  v i s i b l e  w i t h in  th e  l e a f  t i s s u e  48 h r  a f t e r  i n o c u l a t i o n  
x 400.
18 Mycelium (M) o f  r a c e  1 ra m ify in g  betw een h o s t  c e l l s  (HC). 
Numerous h a u s t o r i a  (H) have invaded  th e  h o s t  c e l l s  (HC). The 
c e l l  n u c l e i  s t a i n  d a rk ly  x 1300.
19 Mycelium (M) o f  r a c e  1 has  b i f u r c a t e d  around a h o s t  c e l l  (HC). 
A h a u s to r iu m  (H) h a s  p e n e t r a t e d  th e  c e l l  a t  t h i s  p o i n t .  The 
h o s t  c e l l  n u c le u s  (N) i s  in  c lo s e  p ro x im i ty  to  the  h a u s to r iu m  
(H) 72 h r  a f t e r  in o c u la t i o n  x 1400.

F ig .  20 Mycelium (M) o f  r a c e  1 w i th  s e v e r a l  h a u s t o r i a  p r o t r u d in g  i n to  
h o s t  c e l l s  (HC) 48 h r  a f t e r  in o c u la t i o n  x 1300.
F ig .  21 H igher  m a g n i f ic a t io n  o f  F ig .  20 x 1900.
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Histology
Samples tak e n  p r i o r  to  98 h r  a f t e r  i n o c u l a t i o n  and f ix e d  f o r  
p r o c e s s in g  f o r  l i g h t  and e l e c t r o n  m icroscopy  d id  n o t  have 
s u f f i c i e n t  fu n g a l  mycelium in  the  h o s t  t i s s u e  to  be l o c a te d  w i th  
e a s e .  Thus th e  m a t e r i a l  r e p o r t e d  in  t h i s  s tu d y  was o b ta in e d  from 
t i s s u e  98 and 72 h r  a f t e r  i n o c u l a t i o n  when d i s e a s e  e x p r e s s io n  was 
advanced . C e l l s  in  th e s e  t i s s u e  p ie c e s  were found to  be in  v a r io u s  
s t a g e s  o f  d i s r u p t i o n  a s  a  r e s u l t  o f  th e  fungus i n f e c t i o n .
A c ro s s  s e c t i o n  o f  u n in o c u la te d ,  h e a l th y  tom ato t i s s u e  shows 
th e  e p id e rm is ,  p a l i s a d e  and spongy m esophy ll  and a m inor v e in  
a re a  o f  th e  l e a f  (F ig .  2 2 ) .  A montage’ e l e c t r o n  m ic rog raph  (F ig .  
23) was p re p a re d  from th e  same b lo ck  o f  t i s s u e .  The e p id e rm a l  
and guard  c e l l s  a r e  to  th e  l e f t .  P a l i s a d e  c e l l s  a r e  th e  c h lo r o -  
p l a s t  c o n ta in in g  c e l l s  to  th e  r i g h t  o f  th e  p h o to g ra p h .  Spaces 
between th e  p a l i s a d e  c e l l s  a r e  i n t e r c e l l u l a r  s p a c e s .
L ig h t  m ic ro g rap h s  o f  t i s s u e  i n f e c t e d  w i th  P . i n f e s t a n s  showed 
p o r t i o n s  o f  fu n g a l  mycelium i n t e r c e l l u l a r l y  w i th  numerous h a u s t o r i a  
p r o t r u d in g  i n to  c e l l s  (F ig .  29, 99, 60, 6 9 ) .  C e l l  d e s t r u c t i o n  
was a lm o s t  com plete  in  th e  l e s i o n  a re a  a f t e r  72 h r  (F ig .  9 9 ) .
Some o f  the  c e l l s  have darkened  c e l l u l a r  c o n t e n t s .  C e l l  o u t l i n e s  
a re  ve ry  i r r e g u l a r .  In  some t i s s u e  segm en ts ,  a number o f  c e l l s  
were n o t  t o t a l l y  d e s t ro y e d ,  b u t  were i n  v a r io u s  s t a g e s  o f  c e l l  
d i s r u p t i o n .
A m a tr ix  which s t a in e d  d i f f e r e n t l y  th a n  the  h o s t  c e l l  w a l l  o r  
th e  fu n g a l  c e l l  w a l l  was found between th e  two f r e q u e n t ly  (F ig .
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2 5 , 29, 30 , 91, 62 , 6 3 ) .  What a p p e a rs  to  be the  same m a t e r i a l  
a l s o  was found to  be p r e s e n t  between a d ja c e n t  p ie c e s  o f  mycelium 
( F ig .  36, 9 3 ) .
P r i o r  to  th e  developm ent o f  a h a u s to r iu m  in  a h o s t  c e l l ,  c e l l  
w a l l  m a t e r i a l  accum ula ted  o r  was m o d if ied  to  form a p a p i l l a - l i k e  
s t r u c t u r e  in  th e  a r e a  o f  c o n ta c t  o f  th e  mycelium and the  c e l l  w a l l  
( F ig .  25) . The h o s t  p lasm a membrane rem a in s  c o n tin u o u s  around 
th e  p a p i l l a  (F ig .  25, 9 5 ) .  D uring  o r  a f t e r  p a p i l l a  fo rm a t io n ,  
th e  fu n g a l  c e l l  w a l l  b e g in s  to  i n g r e s s  i n to  the  p a p i l l a  a r e a  (F ig .  
9 5 ) .  The fu n g a l  c e l l  w a l l  i s  d i s t i n g u i s h e d  from th e  h o s t  c e l l  
w a l l  by th e  d i f f e r e n t i a l  s t a i n i n g  p r o p e r t i e s  o f  e a c h .  At the  
p o i n t  where th e  h a u s to r iu m  p a s s e s  th ro u g h  th e  c e l l  w a l l ,  i t  i s  
c o n s t r i c t e d .  Beyond the  p o i n t  o f  c o n s t r i c t i o n ,  th e  h a u s to r iu m  
b e g in s  to  in c r e a s e  in  d ia m e te r .  The h a u s to r iu m  i s  bu lbous in  the  
i n i t i a l  s t a g e s  (F ig .  26, 27, 2 8 ) ,  b u t  d e v e lo p s  i n to  a lo n g  s t r a i g h t  
to  cu rved  f i n g e r - l i k e  p r o j e c t i o n  i n to  th e  c e l l  a s  i t  m atu res  
(F ig .  32, 33, 3 9 ) .  O c c a s io n a l ly  the  h a u s t o r i a  a r e  c o i l e d  o r  
b ra n c h e d .
As the  young h a u s to r iu m  pushes th ro u g h  th e  h o s t  c e l l  w a l l  a t  
th e  s i t e  o f  th e  p a p i l l a  ( c e l l  w a l l  l e s i o n ) , the  p a p i l l a  m a t e r i a l  
e n c a p s u la t e s  th e  h a u s to r iu m  (F ig .  27, 2 8 ) .  The p a p i l l a  m a t e r i a l  
which form s th e  l a y e r  around th e  young h a u s to r iu m  has s t a i n i n g  
p r o p e r t i e s  s i m i l a r  to  th e  h o s t  w a l l .  Wedges o f  t h i s  p a p i l l a  
m a t e r i a l  a t  th e  c o n s t r i c t e d  neck o f  th e  h a u s to r iu m  c o n ta in  
p a r t i c l e s  t h a t  s t a i n  d a r k l y .  The h o s t  p lasm a membrane in v a g in a te s
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a s  th e  h a u s to r iu m  pushes  in  and rem ains  c o n t in u o u s  between the  
h o s t  cy to p lasm  and th e  e n c a p s u la te d  h a u s to r iu m .
When the  h a u s to r iu m  in c r e a s e s  i n  s i z e  i n s i d e  the  h o s t  c e l l ,  
th e  h o s t  plasm a membrane rem ain s  i n t a c t  around  th e  h a u s to r iu m  
(F ig .  34 , 3 5 ) .  As th e  h a u s to r iu m  e l o n g a t e s ,  th e  p a p i l l a  m a t e r i a l  
w hich covered  th e  young b u lbo us  h a u s to r iu m  i s  l e f t  a s  a c o l l a r  
su r ro u n d in g  the  neck and base  o f  th e  m atu re  h a u s to r iu m  (F ig .  32, 
33 , 5 1 ) .  Thus, th e  m ajo r p a r t  o f  th e  m atu re  h a u s to r iu m  a p p e a rs  to  
be s e p a r a te d  from th e  h o s t  c y to p lasm  o n ly  by th e  h o s t  plasma 
membrane ( F ig .  3 4 ) .
S e c t io n s  th ro u g h  th e  base  o f  cu rv ed  h a u s t o r i a  (F ig .  29, 30) 
show t h a t  they  a r e  s e p a r a t e d  from th e  h o s t  cy to p lasm  by th e  h o s t  
p lasm a membrane and a l a y e r  o f  c o l l a r  m a t e r i a l  s i m i l a r  in  
s t a i n i n g  p r o p e r t i e s  to  th e  h o s t  w a l l .  H ost c e l l  w a l l  l e s io n s  
c o n ta in in g  d a rk ly  s t a i n e d  p a r t i c u l a t e  m a t t e r  were found n e a r  the  
neck o f  some h a u s t o r i a  (F ig .  30 , 3 1 ) .  Some o f  th e  h o s t  c e l l  w a l l  
l e s i o n s  l o c a te d  n e a r  th e  c o n s t r i c t e d  neck o f  h a u s t o r i a  were found 
to  be co n tin u o u s  w i th  th e  c o l l a r  m a t e r i a l  betw een th e  h au s to r iu m  
and th e  h o s t  p lasm a membrane ( F ig .  3 3 ) .
A p rom in en t f e a t u r e  o f  young h a u s t o r i a  i s  th e  p re s e n c e  o f  
numerous m ito c h o n d r ia  and end op lasm ic  r e t i c u lu m  (F ig .  31, 32,
33, 34, 35, 50, 5 1 ) .  M ito ch o n d r ia  and endop lasm ic  r e t i c u lu m  p ass  
f r e e l y  th ro u g h  th e  h a u s t o r i a l  neck i n to  th e  d e v e lo p in g  h a u s to r iu m . 
No n u c l e i  were found in  th e  h a u s t o r i a  o b s e rv e d .
F re q u e n t ly  p a r t i c u l a t e  m a t t e r  was o b se rv ed  in  h o s t  w a l l s  in
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c lo s e  p ro x im ity  to  fu n g a l  m ycelium . V e s ic le s  s i m i l a r  to  g o lg i  
v e s i c l e s  were o b se rv ed  n e a r  th e  h o s t  p lasm a membrane (F ig .  27,
36, 4 2 ) .  V e s ic le  o r  membrane rem nants  were d i s c e r n i b l e  b en ea th  
th e  p lasm a membrane in  th e  h o s t  w a l l  (F ig .  36, 4 2 ) .  G e n e ra l ly ,  
th e  h o s t  plasm a membrane became co n v o lu ted  around the  a r e a s  a d j a ­
c e n t  to  th e  r e g io n s  o f  h a u s t o r i a l  p e n e t r a t i o n  (F ig .  48, 61,
63) .
O b lique  s e c t i o n s  th ro u g h  some h a u s t o r i a  r e v e a le d  an i r r e g u l a r l y  
shaped  a c c u m u la t io n  o f  m a t e r i a l  between th e  h o s t  plasma membrane 
and th e  f u n g a l  w a l l  (F ig .  46 , 47, 48, 5 3 ) .  T h is  m a t e r i a l  was 
p r e s e n t  i r r e s p e c t i v e  o f  the  f i x i n g  p ro ced u re  u se d .  The plasma 
membrane was c o n tin u o u s  around th e s e  a c c u m u la t io n s .
The p e n e t r a t i o n  o f  a h a u s to r iu m  in to  a h o s t  c e l l  b r in g s  abo u t 
c e r t a i n  changes i n  th e  h o s t  cy to p la sm . The c h l o r o p l a s t  shows 
s i g n s  o f  d i s r u p t i o n .  The o u t e r  membrane o f  th e  c h l o r o p l a s t  b eg in s  
to  breakdown (F ig .  27, 29, 42) and th e  g rana  and i n t e r g r a n a l  
la m e l la e  s e p a r a t e ,  becoming d i s o r g a n iz e d .  Even though th e  grana  
become d i s o r g a n iz e d ,  th ey  do n o t  c o m p le te ly  breakdown and 
s e p a r a t e  b u t  rem ain  in  a lo o se  a s s o c i a t i o n  (F ig .  46, 48, 50, 52,
54) . H ost c e l l  n u c le i  and sw o lle n  endoplasm ic  r e t i c u lu m  were 
o f t e n  c l o s e l y  a s s o c i a t e d  w i th  some o f  th e  h a u s to r i a  (F ig .  35, 6 1 ) .
C e r ta in  o f  the  c e l l s  in  the  l e a f  were in  l a t e  s t a g e s  o f  
d e s t r u c t i o n  (F ig .  49, 54, 55, 6 5 ) .  The h o s t  c e l l  c o n te n ts  s t a in e d  
d a r k ly  w i th  few o r g a n e l l e s  d i s c e r n i b l e  (F ig .  49, 5 5 ) .  H a u s to r ia  
from i n t e r c e l l u l a r  mycelium (F ig .  55) invaded two a d ja c e n t  c e l l s ,
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t h e  c o n te n t s  o f  b o th  c e l l s  a re  d a rk .  C e r ta in  l e a f  c e l l s  were 
invaded  by s e v e r a l  h a u s t o r i a  (F ig .  54) . P o r t io n s  o f  some o f  th e  
c h l o r o p l a s t  g rana  co u ld  be r e c o g n iz e d .  Even in  th e  l a t e  s t a g e s  
o f  i n f e c t i o n ,  the  h o s t  c e l l  w a l l s  r e t a i n  t h e i r  i n t e g r i t y  ( F ig .  54 ,
55) .
In  some c e l l s  o f  l e a f  t i s s u e  i n o c u la te d  w i th  r a c e  0 ( i n c o m p a t i b l e ) , 
th e  c e l l u l a r  c o n te n t s  have accum ula ted  around  th e  h a u s to r iu m
(F ig .  6 5 ) .  In  a d d i t i o n  to  the  h o s t  c y to p la sm , th e  c y to p lasm  in
the  mycelium and h a u s to r iu m  o f  th e  fungus s t a in e d  d a r k ly .
A number o f  th e  c e l l s  in  d i s e a s e d  t i s s u e  showed c e l l u l a r  
d i s o r d e r s  a t t r i b u t a b l e  to  th e  fu n g a l  in v a s io n  even though th ey  
were n o t  p e n e t r a t e d  by h a u s t o r i a .  D i s r u p t io n  o f  th e  c h l o r o p l a s t  
g r a n a l  o r g a n i z a t i o n  and the  breakdown o f  th e  membrane around  
th e  c h l o r o p l a s t  a r e  some o f  the  f i r s t  o b s e rv a b le  e f f e c t s  on c e l l s  
t h a t  l i e  in  c lo s e  p ro x im i ty  to  th e  i n t e r c e l l u l a r  mycelium o f  th e  
in v a d in g  fungus (F ig .  39, 40, 4 3 ) .  In  some c e l l s  th e  c h l o r o p l a s t  
membrane was c o m p le te ly  d e s t ro y e d  (F ig .  5 7 ) .
A common f e a t u r e  o f  l e a f l e t  i n f e c t i o n  was th e  ob se rv an ce  o f
w a l l  l e s i o n s  (F ig .  30 , 31, 33 , 36, 37, 38, 40, 41, 58, 59 , 66 , 67)
In  some c e l l s  d a rk ly  s t a in e d  p a r t i c u l a t e  m a t t e r  was found i n  th e  
l e s i o n  a r e a  (F ig .  30, 31, 33, 36, 37 , 38, 41, 6 6 ) .  S e v e ra l  
u n in f e c te d  c e l l s  showed e x te n s iv e  w a l l  l e s i o n s  (F ig .  59, 66 , 6 7 ) .
An a cc u m u la t io n  o f  v e s i c u l a r  m a t e r i a l  i n  th e  c e l l  w a l l  e x t e r i o r  
to  the  plasm a membrane was ob se rv ed  (F ig .  6 6 ) .  The l e s i o n s  
ap p ea red  to  be s i m i l a r  in  a d ja c e n t  c e l l s .  The plasma membrane
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was c o n v o lu te d  a lo n g  th e  l e s i o n  s u r f a c e  b u t  ap p ea red  to  rem ain  
i n t a c t .  L es io n  fo rm a t io n  was p r e s e n t  i r r e s p e c t i v e  o f  th e  r a c e  o f  
P . i n f e s t a n s  used a s  th e  inocu lum .
S e c t io n s  th ro ugh  the  m inor v e in  a r e a s  o f  th e  l e a f  r e v e a le d  
the  p re s e n c e  o f  fu n g a l  mycelium i n t r a c e l l u l a r l y  in  xylem v e s s e l s  
( F ig .  56) when th e  mycelium o f  th e  fungus invaded  m esophy ll  c e l l s  
i n  th e  v i c i n i t y  o f  th e  v e in  a r e a .
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KEY TO LABELING OF THE FIGURES
C = c h lo r o p l a s t  
CO = c o l l a r  
CY = cy top lasm  
EP = e p id e rm a l  c e l l  
ER = endoplasm ic  r e t i c u lu m  
FC = fu n g a l  c e l l  
FN -  fu n g a l  nuc leus  
FW = fu n g a l  w a l l  
G = g o lg i  
H = h a u s to r iu m  
HC = h o s t  c e l l  
HN = h o s t  c e l l  n u c leu s  
HW = h o s t  c e l l  w a l l  
IN = i n t e r c e l l u l a r  space  
M = m ito ch o n d rio n  
MA = m a tr ix  
MV = m inor v e in  
MY = fu n g a l  mycelium 
NE = h a u s t o r i a l  neck 
P = p a p i l l a  
PAL = p a l i s a d e  m esophy ll c e l l  
PM = plasm a membrane 
S = s h e a th  
SPO = spongy m esophyll c e l l
ST = s tom ate  
V = v acuo le  
VE = v e s i c l e s  
WL = w a l l  l e s i o n  
X = xylem v e s s e l
F ig .  22 L ig h t  m icrog raph  o f  a one m icron  c ro s s  s e c t i o n  th rough  a
h e a l th y  tomato l e a f .  The e p id e rm is  (E P ), p a l i s a d e  m esophy ll  
(PAL), spongy m esophy ll  (SPO) and m inor v e in  (MV) a r e  shown 
in  th e  c ro s s  s e c t i o n  x 900.
F ig .  23 A montage' e l e c t r o n  m icrog raph  o f  h e a l th y  tomato l e a f  t i s s u e .
The e p id e rm is  (E P ), a s tom ate  (S T ), p a l i s a d e  m esophy ll  c e l l s  
(PAL) and i n t e r c e l l u l a r  sp a ce s  (IN) a re  shown in  th e  montage', 
(OsO^ x 5200 ) .
PAL
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24 L ig h t  m ic rog raph  o f  a one m icron s e c t i o n  o f  tomato l e a f  
t i s s u e .  The fu n g a l  mycelium (MY) i s  shown ra m ify in g  between 
th e  h o s t  c e l l s  (HC). The upper e p id e rm is  (EP) i s  to  the  
l e f t  o f  th e  m ic ro g rap h  (72 h r ,  r a c e  1 , KMnO  ^ x 8 0 0 ) .
25 The i n i t i a l  s t a g e  i n  th e  developm ent o f  a h a u s to r iu m . A 
p a p i l l a - l i k e  s t r u c t u r e  (P) o f  m o d if ied  h o s t  c e l l  w a l l  (HW) 
i s  i n g r e s s i n g  i n t o  the  c e l l  c y to p la sm . M atrix  m a t e r i a l  (MA) 
i s  o b se rv ed  betw een th e  fu n g a l  c e l l  w a l l  (FW) and th e  h o s t  
c e l l  w a l l  (HW) (72 h r ,  r a c e  1 , KMn04 x 1 0 ,4 0 0 ) .
26 Survey view o f  l e a f  t i s s u e  showing h a u s t o r i a  (H) in  h o s t  
c e l l s  (HC) and i n t e r c e l l u l a r  mycelium (MY) (72 h r ,  r a c e  1, 
KMnOq. x 1 1 ,0 0 0 ) .
27 H ig h e r  m a g n i f ic a t io n  o f  F ig .  26 . T h is  i s  a s e c t i o n  th rough  
a young h a u s to r iu m  (H) w hich i s  su rro u n d ed  by a s h e a th  (S) 
o f  c e l l  w a l l  m a t e r i a l .  The c h l o r o p l a s t  (C) shows some 
g ra n a 1 d i s o r g a n i z a t i o n .  G o lg i (G) and v e s i c l e s ,  presum bly 
g o l g i  v e s i c l e s  (VE), a r e  o b se rv ed  in  th e  v i c i n i t y  o f  the  
h a u s to r iu m  (H) (72 h r ,  r a c e  1 , KMnOij. x 10 ,000) .
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28 S e r i a l  s e c t i o n  th ro ugh  th e  h a u s to r iu m  (H) in  F ig .  27. The 
h a u s to r iu m  (H) i s  su rrou nded  by a s h e a th  (S) o f  m o d if ied  h o s t  
c e l l  w a l l  which h as  p a r t i c u l a t e  m a t t e r  embedded in  i t .  The 
p lasm a membrane (PM) i s  c o n tin u o u s  around th e  s h e a th  (S) (72 
h r ,  r a c e  1 ,  KMnO^ x 2 2 ,0 0 0 ) .
29 S e c t io n  th ro u g h  th e  base  o f  a  curved  h a u s to r iu m  (H ). The 
c o l l a r  (CO) o f  s h e a th  m a t e r i a l  l i e s  between the  h o s t  plasma 
membrane (PM) and th e  fu n g a l  c e l l  w a l l  (FW). M a tr ix  m a t e r i a l  
(MA) i s  p r e s e n t  betw een th e  fu n g a l  c e l l  w a l l  (FW) and the  h o s t  
c e l l  w a l l  (HW) (72 h r ,  r a c e  1 , KMnOq. x 2 0 ,0 0 0 ) .
30 S e c t io n  th ro u g h  a  h a u s to r iu m  (H) showing the  c o n s t r i c t e d  neck 
(NE). The c o l l a r  (CO) o f  s h e a th  m a t e r i a l  su r ro u n d s  th e  
h a u s to r iu m  (H ). M a tr ix  m a t e r i a l  (MA) i s  p r e s e n t  between the  
f u n g a l  c e l l  w a l l  (FW) and th e  h o s t  c e l l  w a l l .  W all l e s i o n s  
(WL) a r e  o b se rv ed  on e i t h e r  s id e  o f  the  h a u s to r iu m  (72 h r ,  
r a c e  1 , KMnOq. x 20 ,000) .
31 A s e c t i o n  th ro u g h  a h a u s to r iu m  (H) w i th  a  c o n s t r i c t e d  neck 
(NE) . A w a l l  l e s i o n  (WL) i s  obse rved  in  c lo s e  p ro x im ity  to  
th e  h a u s t o r i a l  neck (NE) (72 h r ,  r a c e  1 , KMnO  ^ x 2 1 ,0 0 0 ) .
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32 L o n g i tu d in a l  s e c t i o n  th rough  a m ature  h a u s to r iu m  (H ). A c o l l a r  
(CO) o f  s h e a th  m a t e r i a l  i s  p r e s e n t  around th e  c o n s t r i c t e d
neck o f  the  h a u s to r iu m . M ito c h o n d r ia  (M) and endop lasm ic
r e t i c u lu m  (ER) a re  p r e s e n t  i n  th e  h a u s to r iu m  (H) (72 h r ,  r a c e  
1 , KMnOij. x 1 1 ,2 0 0 ) .
33 H igh er  m a g n i f ic a t io n  o f  F ig .  32 . W all l e s i o n s  (WL) a r e  observed  
on e i t h e r  s id e  o f  th e  h a u s to r iu m  (H ) . The w a l l  l e s i o n  (WL)
to  th e  r i g h t  i s  c o n t in u o u s  w i th  th e  c o l l a r  (CO) o f  s h e a th  
m a t e r i a l  (72 h r ,  r a c e  1 , KMnOij. x 2 2 ,4 0 0 ) .
34 L o n g i tu d in a l  s e c t i o n  th rough  a h a u s to r iu m  (H ). The d i s t a l  
end o f  th e  h a u s to r iu m  (arrow) i s  s e p a r a t e d  from th e  h o s t  
cy to p lasm  o n ly  by th e  h o s t  p lasm a membrane. Numerous v e s i c l e s  
a r e  o b se rved  in  th e  h o s t  c y to p lasm  around  the  h a u s to r iu m  (H)
(72 h r ,  r a c e  1 , KMnOi* x 7 2 00 ) .
35 H igher m a g n i f ic a t io n  o f  F ig .  34 . The h a u s to r iu m  i s  s e p a r a te d  
from th e  h o s t  p lasm a membrane (PM) by a c o l l a r  (CO) o f  s h e a th  
m a t e r i a l  a round th e  c o n s t r i c t e d  neck (72 h r ,  r a c e  1 , KMnOq.
x 2 2 ,5 0 0 ) .
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36 C ross s e c t i o n  th ro u g h  a h a u s to r iu m  (H) and i n t e r c e l l u l a r  
mycelium (MY) o f  th e  fu n g u s .  V e s ic l e s  (VE) a r e  o b se rved  in  
abundance n e a r  th e  h o s t  p lasm a membrane (PM). Some o f  th e  
v e s i c l e s  a re  shown to  be e x t e r i o r  to  th e  h o s t  plasma membrane 
(PM). M a tr ix  m a t e r i a l  (MA) i s  found betw een a d ja c e n t  m y c e l ia l  
s t r a n d s  (72 h r ,  r a c e  1 , KMnOq. x 1 0 ,0 0 0 ) .
37 P a r t i c u l a t e  m a t e r i a l  (a rrow s)  i s  found in  th e  h o s t  c e l l  w a l l  
(HW) in  c lo s e  a s s o c i a t i o n  to  th e  fu n g a l  c e l l  w a l l  (FW) (72 h r ,  
r a c e  1 , KMnOi  ^ x 2 6 ,0 0 0 ) .
38 W all l e s i o n s  (WL) a r e  ob se rv ed  in  c e l l s  w i th  i n t e r c e l l u l a r  
mycelium (MY) in  c lo s e  a s s o c i a t i o n  to  th e  h o s t  c e l l  w a l l  
(72 h r ,  r a c e  1 ,  KMnOq. x 10 ,000) .
39 C h lo r o p la s t  (C) d i s o r g a n i z a t i o n  in  u n in f e c te d  h o s t  c e l l  w i th  
i n t e r c e l l u l a r  mycelium i n  c lo s e  a s s o c i a t i o n  (72 h r ,  r a c e  1 , 
KMn04 x 9 0 00 ) .
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40 A su rv e y  view o f  h o s t  c e l l s  (HC) i n  c lo s e  a s s o c i a t i o n  to  
i n t e r c e l l u l a r  mycelium (MY) (72 h r ,  r a c e  1 , KMnOij. x 11,000) .
41 H igher  m a g n i f ic a t io n  o f  F ig .  40 . A w a l l  l e s i o n  (WL) i s  found 
in  c lo s e  a s s o c i a t i o n  to  i n t e r c e l l u l a r  mycelium (MY). A c ro s s  
s e c t i o n  th ro u g h  a h a u s to r iu m  (H) i s  o b se rv e d .  M a tr ix  m a t e r i a l  
(MA) i s  found betw een th e  fu n g a l  and th e  h o s t  c e l l  w a l l s  (72 
h r ,  r a c e  1 , KMnOq. x 1 5 ,0 0 0 ) .
42 S e c t io n  th rou gh  a c e l l  w i th  c r o s s  s e c t i o n s  th ro u g h  s e v e r a l  
h a u s t o r i a  (H ). Endoplasm ic r e t i c u lu m  (ER) i s  shown su r ro u n d in g  
a  h a u s to r iu m  (H ). Numerous v e s i c l e s  (VE) were o b se rved  c lo s e  
to  th e  h o s t  c e l l  w a l l  (72 h r ,  r a c e  1 ,  KMnO  ^ x 8400 ) .
43 M a tr ix  m a t e r i a l  (MA) i s  shown betw een a d ja c e n t  m y c e l ia l  s t r a n d s  
(MY). G o lg i  (G) i s  o b se rv ed  and c h l o r o p l a s t s  (C) w i th  
g r a n a l  d i s o r g a n i z a t i o n  (72 h r ,  r a c e  1 , KMnOq^  x 9000 ) .
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44 L ig h t  m icrog raph  o f  a one m icron  s e c t i o n  th ro u g h  tomato l e a f  
t i s s u e  w i th  fu n g a l  mycelium (MY) among the  spongy m esophy ll  
c e l l s  (SPO) (72 h r ,  r a c e  1 ,  OsOq x 8 0 0 ) .
45 An i n i t i a l  s t a g e  in  h a u s t o r i a l  p e n e t r a t i o n  i s  th e  developm ent 
o f  a p a p i l l a - l i k e  s t r u c t u r e  (P) o f  c e l l  w a l l  m a t e r i a l .  The 
f i b r i l l a r  n a tu r e  o f  th e  c e l l  w a l l  can  be d i s c e r n e d .  The 
fu n g a l  c e l l  b e g in s  to  i n g r e s s  (arrow ) in  th e  r e g io n  o f  th e  
p a p i l l a  ( P ) . The p lasm a membrane (PM) i s  c o n tin u o u s  around 
th e  p a p i l l a  a re a  (72 h r ,  r a c e  1 ,  OsOq x 1 8 ,5 0 0 ) .
46 S e c t io n  th rough  a h a u s to r iu m  (H ) . The h a u s t o r i a l  neck i s  
su rrou nded  by a s h e a th  (S) (72 h r ,  r a c e  1, OsOq x 1 2 ,0 0 0 ) .
47 H igher m a g n i f ic a t io n  o f  F ig .  46 . The h a u s to r iu m  (H) i s  
su rro u n d ed  by a s h e a th  (S) o f  i r r e g u l a r  o u t l i n e  (72 h r ,  r a c e  1, 
OsOq. x 14 ,000) .
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48 S e c t io n  th rough  a h a u s to r iu m  (H) su rrounded  by a c o l l a r  (CO) 
o f  s h e a th  m a t e r i a l  o f  i r r e g u l a r  o u t l i n e .  The plasma membrane 
(PM) rem ains  c o n tin u o u s  around th e  c o l l a r  (CO) (72 h r ,  r a c e  1 , 
0s0(| x 13 ,500) .
49 S e c t io n  th roug h  a h a u s to r iu m  (H) su rrounded  by a c o l l a r  (CO) 
o f  s h e a th  m a t e r i a l .  The h o s t  c e l l  (HC) c o n te n ts  have darkened  
(72 h r ,  r a c e  1 , OsOq. x 1 3 ,5 0 0 ) .
50 S e c t io n  th ro u g h  a h a u s to r iu m  (H ). The h o s t  c e l l  c o n te n t s  a re  
i n  a l a t e  s t a g e  o f  d e s t r u c t i o n  (72 h r ,  ra c e  1 , OsOij. x 14 ,500) „
51 H ig h e r  m a g n i f ic a t io n  o f  P ig .  50. A c o l l a r  (CO) o f  s h e a th  
m a t e r i a l  su r ro u n d s  the  c o n s t r i c t e d  h a u s t o r i a l  neck . The d i s t a l  
p o r t i o n  o f  the  h a u s to r iu m  (arrow s) i s  n o t  su rrounded  by a 
s h e a th  (72 h r ,  r a c e  1 ,  OsO^ x 2 1 ,0 0 0 ) .

F i g .  52 S e c t io n  th rough  h a u s t o r i a  (H) in  a h o s t  c e l l .  The m ito c h o n d r ia  
(M) a re  d i s t o r t e d  (72 h r ,  ra c e  1 , OsOij. x 4500) .
F ig .  53 H igh er  m a g n i f ic a t io n  o f  F ig .  52. The h a u s to r iu m  (H) i s  su rroun ded  
by a c o l l a r  (CO) o f  m o d if ied  h o s t  c e l l  w a l l  m a t e r i a l  (72 h r ,  
r a c e  1, OsO^ x 1 3 ,0 0 0 ) .
F ig .  54 S e c t io n  th roug h  h a u s t o r i a  (H) in  a h o s t  c e l l .  The h o s t  c e l l  
i s  in  a l a t e  s t a g e  o f  d e s t r u c t i o n  (72 h r ,  r a c e  1, OsO^ 
x 1 0 ,0 0 0 ) .
F ig .  55 S e c t io n  th roug h  h a u s t o r i a  (H) in  h o s t  c e l l s  which a re  i n  l a t e  
s t a g e s  o f  d e s t r u c t i o n .  The h o s t  c e l l  c o n te n ts  a r e  darkened  
(72 h r ,  r a c e  1 , OsOij. x 11,000) .
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56 I n t r a c e l l u l a r  mycelium (MY) in  xylem v e s s e l  e le m e n ts  (X)
(72 h r ,  r a c e  1 ,  OsO^ x 1 3 ,5 0 0 ) .
57 C h lo r o p la s t  (C) d e s t r u c t i o n  in  u n in f e c te d  l e a f  c e l l s  in  c lo s e  
p ro x im i ty  to  i n t e r c e l l u l a r  mycelium (72 h r ,  r a c e  1 ,  OsOij.
x 1 0 ,0 0 0 ) .
58 W all l e s i o n s  (arrow s) in  u n in f e c te d  l e a f  c e l l s  a d ja c e n t  to  
i n f e c t e d  c e l l s  (72 h r ,  r a c e  1 , OsOq. x 1600) .
59 W all l e s i o n s  (a rrow s) in  u n in f e c te d  l e a f  c e l l s  a d ja c e n t  to  
i n f e c t e d  c e l l s  (72 h r ,  r a c e  1 ,  OsOij. x 1700) .
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60 L ig h t  m icrog raph  o f  a one m icron  s e c t i o n  o f  tom ato l e a f  t i s s u e  
i n f e c t e d  w i th  fu n g a l  c e l l s  (FC) o f  JP. i n f e s t a n s  in  th e  spongy 
m esophy ll  c e l l s  (SPO) o f  th e  l e a f  (48 h r ,  r a c e  1 , OsOij. x 700) .
61 S e c t io n  th ro ugh  a  p o r t i o n  o f  a h a u s to r iu m . The h o s t  c e l l
n u c le u s  (HN) i s  i n  c lo s e  p ro x im i ty  to  th e  fu n g a l  h a u s to r iu m
and th e  h o s t  plasm a membrane (arrow ) i s  co n v o lu ted  in  th e  
v i c i n i t y  o f  th e  h a u s to r iu m  (48 h r ,  r a c e  1 ,  0s0i| x 1 3 ,8 0 0 ) .
62 S e c t io n  th ro u g h  a  h a u s to r iu m . M a tr ix  m a t e r i a l  i s  found between
th e  fu n g a l  and th e  h o s t  c e l l  w a l l s  (arrow ) (48 h r ,  r a c e  1,
OsO^ x 12 ,500) .
63 H igher m a g n i f ic a t io n  o f  F ig .  62 . The fu n g a l  c e l l  w a l l  (FW) 
i s  s e p a r a te d  from th e  h o s t  p lasm a membrane by a s h e a th .
M a tr ix  m a t e r i a l  i s  found betw een th e  fu n g a l  and th e  h o s t  c e l l  
w a l l s  ( a r r o w ) . The h o s t  p lasm a membrane (PM) i s  co n v o lu ted  
(48 h r ,  ra c e  1, OsOq. x 1 8 ,6 0 0 ) .
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64 L ig h t  m ic rog raph  o f  a one m icron s e c t i o n  th ro u g h  tomato l e a f  
t i s s u e  i n f e c te d  w i th  fu n g a l  c e l l s  (FC) o f  r a c e  0 in  th e  spongy 
m esophy ll  (SPO) c e l l s  (72 h r ,  r a c e  0 ,  OsOq x 800) .
65 S e c t io n  th ro u g h  a h a u s to r iu m  (H) i n  a spongy m esophy ll  c e l l  
(SPO). A p o r t i o n  o f  th e  h o s t  c e l l  c o n te n t s  a p p e a r  to  have 
g e l a t i n i z e d  around th e  h a u s to r iu m  (H) (72 h r ,  r a c e  0 ,  OsOq. x 
1 0 ,8 0 0 ) .
66 W all l e s i o n s  (WL) i n  u n in f e c te d  l e a f  c e l l s .  Numerous v e s i c l e  
m a t e r i a l  i s  no ted  in  th e  c e l l  w a l l  l e s i o n  (WL) a r e a  (72 h r ,  
r a c e  0 , OsOq. x 30 ,000) .
67 W all l e s i o n  (WL), d a rk ly  s t a i n e d ,  i n  an u n in f e c te d  l e a f  c e l l  
(72 h r ,  r a c e  0, OsOq. x 1 3 ,5 0 0 ) .
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DISCUSSION
Scanning  E le c t r o n  M icroscopy
Use o f  the  sc an n in g  e l e c t r o n  m icroscope  in  th e  s tu d y  o f  
s u r f a c e  i n f e c t i o n s  has  become an in c r e a s in g l y  v a lu a b le  t o o l  f o r  
r e s e a r c h e r s .  S e v e ra l  s t u d i e s  have been  done which have u t i l i z e d  
the  sc an n in g  e l e c t r o n  m ic roscope  to  s tu d y  e a r l y  s t a g e s  o f  
i n f e c t i o n  on p l a n t  s u r f a c e s  by p a th o g e n s  (3 , 29) . The purpose  
o f  the  p r e s e n t  i n v e s t i g a t i o n  was to  s tu d y  th e  p r im ary  i n f e c t i o n  
p ro c e s s  o f  P . i n f e s t a n s  on tomato l e a f  t i s s u e .
As i s  shown in  th e  two su rv ey  views o f  th e  l e a f  s u r f a c e  (F ig .
2 and 3 ) ,  the  inoculum  was random ly d i s t r i b u t e d  on th e  s u r f a c e .  
However, in  th e  a r e a s  where l e a f  h a i r s  were p r e s e n t ,  th e  sp o ra n g ia  
had a tendency to  accum ula te  around th e s e  s t r u c t u r e s  o r  in  the  
c r e v i c e s  between rows o f  g l a n d u la r  h a i r s .  In  a r e a s  a b s e n t  o f  
l e a f  h a i r s ,  th e  s p o ra n g ia  showed no d e f i n i t e  d i s t r i b u t i o n  p a t t e r n .
K ish i  (17) obse rv ed  t h a t  zoosp@i?es o f  c e r t a i n  i s o l a t e s  o f  P . 
i n f e s t a n s  showed a t a x i s  f o r  th e  b a s a l  c e l l s  o f  l e a f  h a i r s  on 
tom ato . T h is  was e s p e c i a l l y  t r u e  i f  th e  h a i r s  had been i n j u r e d .
He a l s o  showed t h a t  in  c a s e s  where the  b a s a l  c e l l s  became i n f e c t e d ,  
a h y p e r s e n s i t i v e  r e a c t i o n  was ob se rv ed  on bo th  s u s c e p t ib l e  and 
r e s i s t a n t  h o s t s .
In  t h i s  s tu d y  few er z o o sp o re s  were obse rved  than  was 
a n t i c i p a t e d .  A lthough  some z o o sp o re s  were obse rved  which had 
germ inated  (F ig .  5 and 6 ) ,  P r i s t o u  and G a l le g ly  (21) observed
39
40
from 1 ig h t  m ic ro sc o p ic  o b s e r v a t io n s  o f  s e c t io n e d  p o ta to  l e a f  
t i s s u e  t h a t  the  P . i n f e s t a n s  z o o sp o re s  were the  p r im ary  a g e n ts  
o f  i n f e c t i o n ,  u s u a l ly  e n t e r i n g  th e  h o s t  d i r e c t l y  th rou gh  th e  
e p id e rm a l  l a y e r .  O c c a s io n a l ly ,  th e  germ tu b e s  o f  zo o sp o res  
e n te r e d  th ro u g h  s to m a ta .  The f i x i n g  methods used in  th e  p r e s e n t  
s tu d y  may have d e s t ro y e d  o r  d is lo d g e d  many o f  the  zo o sp o res  which 
would acc o u n t  f o r  the  d i f f i c u l t i e s  e x p e r ie n c e d  in  f i n d in g  and 
r e c o g n iz in g  them.
When a sporangium  g e rm in a te d  and p e n e t r a t e d  an e p id e rm a l c e l l  
d i r e c t l y ,  a c o l l a r  zone was e v id e n t  around th e  p e n e t r a t i n g  hypha 
( F ig .  8 ) .  I t s  a p p ea ran ce  would s u g g e s t  t h a t  th e  c o l l a r  i s  p ro b ab ly  
composed o f  c u t i c u l a r  l e a f  m a t e r i a l  i n s t e a d  o f  b e in g  o f  fu n g a l  
o r i g i n .  I t  i s  l i k e l y  t h a t  enzymes s e c r e t e d  by th e  fungus around 
th e  p o i n t  o f  p e n e t r a t i o n  co u ld  have b ro u g h t  ab o u t  t h i s  c o l l a r  o f  
l e a f  c e l l  e x u d a te .
P e n e t r a t i o n  hyphae o f  s p o ra n g ia  were shown to  p a s s  th rough  
open s to m a te s  on the  l e a f  s u r f a c e .  When t h i s  o c c u r r e d ,  i t  
ap p ea re d  t h a t  th e  sporangium  had g e rm in a ted  on o r  n e a r  a guard  
c e l l  and p a sse d  th rough  an open s to m ate  (F ig .  1 0 ) .
A number o f  the  s p o ra n g ia  which g e rm ina ted  on th e  l e a f  s u r f a c e ,  
n o t  in  c lo s e  p ro x im ity  to  guard  c e l l s  o r  s to m a te s ,  produced 
hyphae which r a m if ie d  o v e r  the  l e a f  s u r f a c e .  One such  sporangium  
i s  shown in  F ig .  9 .  A s h o r t  d i s t a n c e  from th e  sporangium  the 
h y p h a l  s t r a n d  b i f u r c a t e d ,  one s id e  t e r m in a t in g  in  a bu lbous 
s t r u c t u r e .  T h is  bu lbous s t r u c t u r e  i s  p ro b a b ly  s i m i l a r  to  t h a t
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produced  by g e rm in a ted  z o o sp o re s .  T his  s t r u c t u r e  may be an 
a p p re s s o r iu m .
M y c e l ia l  s t r a n d s  were obse rv ed  on most l e a f  d i s c s  s e v e r a l  
h o u rs  fo l lo w in g  i n o c u l a t i o n .  Some s t r a n d s  were ob se rv ed  to  p a ss  
th ro u g h  opened s to m a te s  on th e  l e a f  s u r f a c e  (F ig .  1 1 ) .
Most o b s e r v a t io n s  d e a l t  w i th  sp o ra n g ia  o f  P . i n f e s t a n s  
p e n e t r a t i n g  th e  l e a f  s u r f a c e  in  one to  s e v e r a l  w ays. Improved 
f i x a t i o n  p ro c e d u re s  may en ab le  the  zo o sp o res  o f  t h i s  fungus to  
be s tu d ie d  more s u c c e s s f u l l y  d u r in g  the  e a r l y  i n f e c t i o n  p r o c e s s .
L ea f  C le a r in g s
T is su e  c l e a r i n g  methods have been u s e f u l  in  h e lp in g  to  
e l u c i d a t e  in fo rm a t io n  ab o u t h o s t -p a th o g e n  r e l a t i o n s h i p s .  B lack w e ll
(5) p re s e n te d  an e x te n s iv e  l i g h t  m ic ro sc o p ic  s tu d y  o f  th e  h a u s t o r i a  
o f  P . i n f e s t a n s  in  b o th  p o t a to  tu b e r  and l e a f l e t  t i s s u e .  Boothroyd
(6) has  o u t l i n e d  a g e n e ra l i z e d  l e a f  c l e a r i n g  p ro c e d u re  f o r  o b se rv in g  
zoospore  g e rm in a t io n  and i n f e c t i o n  o f  P . i n f e s t a n s  on p o ta to  t i s s u e .  
A s tu d y  o f  the  p ro c e s s  o f  i n f e c t i o n  and th e  r e a c t i o n  o f  h o s t  tomato 
l e a f  t i s s u e  to  P. i n f e s t a n s  in v a s io n  was r e p o r t e d  by K is h i  (1 7 ) .
He used e p id e rm a l t i s s u e  s t r i p s ,  t r e a t e d  w i th  a v i t a l  s t a i n ,  to  
ob se rv e  the  g e rm in a t io n  and i n f e c t i o n  o f  z o o sp o re s  in  tomato c e l l s .
The pu rpose  o f  the  p r e s e n t  s tu d y  was to  o b se rv e  th e  l o c a t i o n  
o f  th e  l a t e  b l i g h t  fu n g u s ,  P. i n f e s t a n s . in  tom ato l e a f  c e l l s .
For t h i s  s tu d y ,  l e a f  c l e a r i n g s  were made o f  tomato t i s s u e  i n f e c t e d  
w i th  ra c e  1 ( c o m p a t ib le ) .
M a te r i a l  tak en  from h e a l th y  l e a f  t i s s u e  showed th e  e p id e rm a l
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c e l l s  and s to m a te s  c l e a r l y  on the  l e a f  s u r f a c e .  By fo c u s in g  
downward, the  p a l i s a d e  and spongy m esophy ll  c e l l s  were e a s i l y  
r e c o g n iz e d  (F ig .  1 2 ) .
On in o c u la te d  l e a f  d i s c s ,  abundan t mycelium was o b se rved  as  
e a r l y  a s  12 h r  a f t e r  i n o c u l a t i o n  (F ig .  1 3 ) .  The mycelium ra m if ie d  
o v e r  the  s u r f a c e  and was v e ry  a b u n d an t .  S po rang ia  were re c o g n iz e d  
e a s i l y  on th e  s u r f a c e  by th e  i n te n s e  s t a i n i n g  o f  the  s p o r a n g ia l  
c o n te n t s .  Empty s p o r a n g ia l  c a s e s  and s p o ra n g ia ,  some w ith  
d i f f e r e n t i a t e d  z o o sp o re s  were observed  in  sm a ll  g roups on th e  
l e a f  s u r f a c e  (F ig .  I 1!) . When the  i n t e r n a l  c o n te n ts  o f  the  sporangium  
had d i f f e r e n t i a t e d  i n to  z o o s p o re s ,  s i x  to  sev en  zo o sp o res  were 
o b s e rv e d .
S po ran g ia  may g e rm in a te  d i r e c t l y  on th e  l e a f  s u r f a c e  i n s t e a d  
o f  p ro d u c in g  z o o s p o re s .  One such  sporangium  i s  shown in  F ig .  15 
The sporangium  i s  in  c lo s e  p ro x im ity  to  a s to m a ta l  open ing  and 
th e  germ tube o f  th e  sporangium  i s  l y i n g  on th e  edge o f  a guard  
c e l l .  As was shown in  S e c t io n  I ,  Scann ing  E le c t r o n  M icroscopy, 
germ tu bes  o f  sp o ra n g ia  were o b se rv ed  to  p a ss  th roug h  s to m a ta l  
o p e n in g s ,  making i t  p o s s i b l e  f o r  s p o ra n g ia  to  b r in g  abo u t 
i n f e c t i o n .
Zoospores a re  c o n s id e re d  to  be the  p r im ary  a g e n ts  o f  i n f e c t i o n  
(2 8 ) .  In  F ig .  16, a ge rm in a ted  zoospore  i s  shown. The t i p  o f  the  
germ tube i s  a t  th e  j u n c t i o n  betw een two e p id e rm a l c e l l s .
O b s e rv a t io n s  o f  g e rm in a te d  z o o sp o re s  on th e  l e a f  s u r f a c e  were 
r a r e .  I t  may be assumed t h a t  the  p ro c e d u re  used in  c l e a r i n g  th e
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l e a f  t-issue cou ld  have d e s t ro y e d  such  d e l i c a t e  sp o re  m a t e r i a l .
The fu n g a l  mycelium s t a in e d  i n t e n s e l y  w i th  th e  a n i l i n e  b lu e ,  
p e r m i t t i n g  i t s  l o c a t i o n  in  th e  h o s t  t i s s u e  to  be de te rm ined  w ith  
e a se  (F ig .  1 7 ) .  The mycelium was v e ry  a b u n d an t ,  r a m ify in g  
i n t e r c e l l u l a r l y  th ro u g h o u t  the  l e a f  d i s c  in  a l l  d i r e c t i o n s .  
H a u s to r ia  a re  lo n g ,  s l e n d e r ,  cu rved  s t r u c t u r e s  p r o t r u d in g  in to  
the  h o s t  c e l l s  from th e  h yph a l  s u r f a c e  (F ig .  18, 19 , 20, 2 1 ) .
One to  many h a u s t o r i a  were o b se rv ed  in  a number o f  m esophyll c e l l s .  
H ost n u c le i  s t a in e d  i n t e n s e l y  w i th  th e  a n i l i n e  b lu e  and th e  c e l l  
w a l l s  were p ro m in e n t.  At t im es  th e  mycelium b i f u r c a t e d  around a 
c e l l  g e n e r a l l y  p ro d u c in g  a h a u s to r iu m  a t  the  j u n c t i o n  o f  the  
b i f u r c a t i o n  (F ig .  1 9 ) .  T h is  p a t t e r n  o f  movement th rou gh  the  
m esophy ll  i s  s i m i l a r  to  t h a t  r e p o r t e d  by B lac k w e ll  (5) in  p o ta to  
l e a f  t i s s u e .
Histology
I n t e r c e l l u l a r  mycelium o f  P. i n f e s t a n s  was found in  abundance 
ra m ify in g  betw een the  c e l l s  on th e  i n t e r i o r  o f  the  tomato l e a f  
a s  e a r l y  a s  98 h r  a f t e r  i n o c u l a t i o n  w i th  r a c e  1 (F ig .  29, 99, 6 0 ) .  
O b s e rv a t io n s  o f  mycelium were r a r e  i n  l e a f  t i s s u e  in o c u la te d  w ith  
r a c e  0 (F ig .  6 9 ) .  By 72 h r  a f t e r  i n o c u l a t i o n ,  p o r t i o n s  o f  the  
fu n g a l  mycelium were found i n t r a c e l l u l a r l y  in  th e  xylem v e s s e l s  
(F ig .  5 6 ) .  The p re s e n c e  o f  mycelium in  the  v a s c u la r  e lem en ts  
h a s  n o t  been  r e p o r te d  p r e v io u s ly  f o r  t h i s  d i s e a s e .  T h is ,  in  p a r t ,  
cou ld  acco un t f o r  th e  r a p i d  c o l l a p s e  o f  t i s s u e ,  a symptom o f  the  
l a t e  b l i g h t  d i s e a s e  i n  tomato p l a n t s .
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A m a t r ix  m a t e r i a l  w i th  s t a i n i n g  p r o p e r t i e s  d i f f e r e n t  from 
e i t h e r  the  fu n g a l  o r  h o s t  c e l l  w a l l s  was found betw een a d ja c e n t  
f u n g a l  and h o s t  c e l l  w a l l s  (F ig .  25, 27, 29, 30, 36, 38, 62, 6 3 ) .  
The m a t r ix  was a l s o  p r e s e n t  between a d ja c e n t  segm ents o f  mycelium 
(F ig .  35, 4 3 ) .  I t  i s  p o s s ib l e  t h a t  t h i s  m a tr ix  i s  an ad h es iv e  
c o a t in g  s e c r e t e d  by th e  fungus in  th e  v i c i n i t y  o f  th e  h o s t  c e l l  
w a l l .  B ra ck e r  (7) o b se rv ed  a s i m i l a r  c o a t in g  on the  s u r f a c e  o f  
E ry s ip h e  g r a m i n i s . However, no m ention  was made o f  the  p re sen c e  
o f  t h i s  m a t r ix  betw een a d ja c e n t  m y c e l ia l  s t r a n d s  o f  the  p a th o g en .
P e n e t r a t i o n  o f  a tom ato l e a f  c e l l  by a  h a u s to r iu m  o f  P. 
i n f e s t a n s  b e g in s  w i th  th e  developm ent o f  a sm a ll  p a p i l l a  o f  
p resum ab ly  h o s t  w a l l  m a t e r i a l  i n  th e  v i c i n i t y  o f  th e  f u tu r e  
h a u s to r iu m  (F ig .  25, 4 5 ) .  In  some c a s e s ,  p e n e t r a t i o n  was 
p rec ee d e d  by th e  developm ent o f  c e l l  w a l l  s t r u c t u r e s  in  which the  
f i b r i l l a r  c o m p o s it io n  o f  th e  c e l l  w a l l  was e v id e n t  (F ig .  4 5 ) .
A p o r t i o n  o f  th e  fu n g a l  c e l l  w a l l  b e g in s  to  i n g r e s s  in to  the  
p a p i l l a  a r e a  o f  th e  h o s t  c e l l  w a l l .  E h r l i c h  and E h r l i c h  (11) 
c i t i n g  u n p u b l ish e d  d a ta  c la im  to  have observed  p a p i l l a  fo rm a tio n  
by P. i n f e s t a n s  i n  p o ta to  t i s s u e .  Hanchey and W heeler (14) 
o b se rv ed  s i m i l a r  s t r u c t u r e s  in  c e l l s  o f  to b acco  r o o t s  in f e c te d  
w i th  P . p a r a s i t i c a . They s u g g e s t  t h a t  the  i r r e g u l a r  w a l l  b o rd e r  
may have a g e l - l i k e  c o n s i s t e n c y  due to  m inor c e l l  w a l l  
d i s s o l u t i o n  and im b ib i t i o n  o f  w a te r .
Young c a p i t a t e  h a u s t o r i a  were i n d i v i d u a l l y  su rrounded  by a
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l a y e r  o f  s h e a th  m a t e r i a l  s i m i l a r  in  s t a i n i n g  p r o p e r t i e s  to  th e  
h o s t  c e l l  w a l l .  T h is  l a y e r  i s  presum ably  m o d if ied  c e l l  w a l l  
(F ig .  27, 2 8 ) .  P a r t i c u l a t e  m a t t e r  (F ig .  28) i s  p r e s e n t  in  th e  
s h e a th  m a tr ix  p ro x im a l  to  th e  c o n s t r i c t e d  neck o f  the  h a u s to r iu m . 
S e r i a l  s e c t i o n s  th ro u g h  the  h a u s to r iu m  in d ic a t e d  t h a t  the  e n t i r e  
h a u s to r iu m  was e n c lo se d  by th e  s h e a th  o f  m o d if ied  h o s t  w a l l  
m a t e r i a l .  P a r t i c u l a t e  m a t t e r  in  th e  s h e a th  and th e  i r r e g u l a r i t y  
o f  the  b o rd e r  o f  w a l l  m a t e r i a l  i n d i c a t e  t h a t  th e  h o s t  c e l l  w a l l  
may have s o f te n e d  in  t h i s  r e g io n .  The plasm a membrane rem ains  
c o n tin u o u s  around th e  b o r d e r .
B e r l i n  and Bowen (4) s u g g e s t  t h a t  the  term  s h e a th  be used to  
conno te  th o se  a r e a s  around th e  p a r a s i t e  which a r e  o f  c e l l  w a l l  
o r i g i n ,  w h e th e r  th e  s t r u c t u r e  forms a c o l l a r  around  the  
h a u s t o r i a l  neck o r  c o v e rs  th e  e n t i r e  h a u s to r iu m . The term  s h e a th  
has  been used in  t h i s  s tu d y  to  d e s ig n a te  a l a y e r  o f  m o d if ied  h o s t  
c e l l  w a l l  m a t e r i a l  between th e  p a r a s i t e  c e l l  w a l l  and th e  h o s t  
p lasm a membrane.
E h r l i c h  and E h r l i c h  (12) have used the  term  e n c a p s u l a t i o n  to  
d e s ig n a te  the  l a y e r  o f  m a t e r i a l  a round th e  h a u s t o r i a  o f  P . 
i n f e s t a n s  on p o ta to  l e a f  t i s s u e .  They d e s c r ib e  t h i s  a r e a  a s  a 
r e g io n  o f  unknown m a t e r i a l  e x i s t i n g  betw een th e  h o s t  p lasm a 
membrane and th e  p a r a s i t e  c e l l  w a l l ,  n e i t h e r  t y p i c a l l y  o f  h o s t  
no r  o f  fu n g a l  o r i g i n .  However, t h e i r  m ic ro g rap h s  i n d i c a t e  t h a t  
t h i s  a re a  o f  th e  e n c a p s u la t io n  h as  a s i m i l a r i t y  in  s t a i n i n g
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p r o p e r t i e s  to th e  h o s t  c e l l  w a l l .  The term  sh e a th  would seem more 
a p p r o p r i a t e  to  t h e i r  d e s c r i p t i o n  than  the  term  e n c a p s u l a t i o n .
O ld e r  h a u s t o r i a  a re  su rroun ded  by a c o l l a r  o f  s h e a th  m a t e r i a l  
be tw een the  fu n g a l  c e l l  w a l l  and th e  h o s t  plasma membrane (F ig .
29, 30, 32, 33, 34, 35, 48, 49, 50, 51, 5 3 ) .  The h o s t  p lasm a 
membrane i s  c o n t in u o u s  around th e  h a u s to r iu m . L o n g i tu d in a l  s e c t i o n s  
th roug h  m ature  h a u s t o r i a  s u g g e s t  t h a t  the  h o s t  c e l l  w a l l  i s  
m o d if ied  in  th e  v i c i n i t y  o f  the  h a u s t o r i a l  neck (F ig .  33, 35) fo rm ing  
a c o l l a r  around the  b a s a l  p o r t i o n  o f  h a u s t o r i a .  However, the  
d i s t a l  p o r t i o n  o f  the  h a u s to r iu m  i s  n o t  su rrounded  by a s h e a th  
( F ig .  34) s u g g e s t in g  t h a t  a s  the  h a u s to r iu m  e lo n g a te d ,  i t  grew 
th ro u g h  th e  s h e a th  th u s  fo rm ing  th e  c o l l a r .  No w a l l  m a t e r i a l  o r  
fu n g a l  s e c r e t o r y  m a t e r i a l  can  be d is c e rn e d  in  t h i s  r e g i o n .  Numerous 
v e s i c l e s  a p p e a r  i n  the  cy top lasm  around the  h a u s to r iu m  (F ig .  34) . 
However, no v e s i c l e s  were o b se rved  which merged w i th  the  plasm a 
membrane.
Calonge (10) found t h a t  th e  e n t i r e  h a u s t o r i a l  complex o f  P.
p a lm iv o ra  was n o t  e n c lo se d  by a t y p i c a l  s h e a th  o r  an e n c a p s u l a t i o n .
The d i s t a l  p o r t i o n  o f  th e  h a u s to r iu m  appeared  to  l i e  naked a g a i n s t
th e  h o s t  c e l l u l a r  d e b r i s .
In  o b l iq u e  s e c t i o n s  th roug h  m ature  h a u s t o r i a ,  th e  s h e a th
m a t e r i a l  i s  ve ry  i r r e g u l a r  in  o u t l i n e  (F ig .  46, 47, 48, 52, 5 3 ) .
I t  i s  p o s s ib l e  t h a t  the  i r r e g u l a r  o u t l i n e  o f  the  s h e a th  in  th e s e  
*
c e l l s  has  a g e l - l i k e  c o n s i s te n c y  as  su g g e s te d  by Hanchey and 
W heeler (14) who obse rv ed  s i m i l a r  h o s t  w a l l  m o d i f i c a t io n s  around
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th e  h a u s t o r i a  o f  P. p a r a s i t i c a  in  to b acco  r o o t  c e l l s .
E h r l i c h  and E h r l i c h  (12) r e f e r  to  what i s  c a l l e d  s h e a th  in  
t h i s  s tu d y  a s  an e n c a p s u l a t i o n .  They s u g g e s t  t h a t  th e  e n t i r e  
h a u s to r iu m  i s  " e n c a p s u la te d "  by m a t e r i a l  w hich i s  n e i t h e r  
d i s t i n c t l y  o f  h o s t  no r o f  fu n g a l  o r i g i n .  As m entioned p r e v io u s ly ,  
t h i s  s tu d y  s u g g e s ts  t h a t  th e  s h e a th  becomes on ly  a c o l l a r  around 
th e  base  o f  th e  h a u s to r iu m . The E h r l ic h s *  i n t e r p r e t a t i o n  o f  the  
e n c a p s u la t io n  r e g io n  may have been  made from s e c t i o n s  o f  young 
h a u s t o r i a  o r  o b l iq u e  s e c t i o n s  th ro u g h  o l d e r  h a u s t o r i a ,  e i t h e r  
o f  which would le a d  one to  con c lude  t h a t  th e  e n t i r e  h a u s to r iu m  
was " e n c a p s u la te d " .  None o f  t h e i r  m ic ro g rap h s  show l o n g i t u d i n a l  
s e c t i o n s  th rough  m ature  h a u s t o r i a .  They d e s c r ib e  h a u s t o r i a  o f  
P. i n f e s t a n s  a s  " sm a ll  g lo b e s  to  s h o r t ,  s t r a i g h t  o r  cu rved  p e g s " .  
T his  d e s c r i p t i o n  does n o t  f i t  w e l l  w i th  h a u s t o r i a  o f  P . i n f e s t a n s  
in  p o ta to  t i s s u e  d e s c r ib e d  by B lac k w e ll  (5) a s  s t r a i g h t  to  curved  
f i n g e r - l i k e  p r o j e c t i o n s  o c c a s i o n a l l y  b e in g  c u r l e d  o r  the  
h a u s t o r i a  in  tomato l e a f  c e l l s  o b se rv ed  in  t h i s  s tu d y .
In  a number o f  c e l l s ,  th e  h o s t  c e l l  n u c le u s  was in  c lo s e  
p ro x im ity  to  the  h a u s to r iu m  (F ig .  6 1 ) .  K is h i  (17) o b se rv ed  t h a t  
the  n u c le u s  o f  the  tom ato l e a f  c e l l s  moved to  th e  h a u s t o r i a l  lo c u s  
in  i n f e c t e d  c e l l s .
Sw ollen  endop lasm ic  r e t i c u l u m ,  in c r e a s e d  g o lg i  a c t i v i t y ,  
d i s t o r t e d  m ito c h o n d r ia  and c h l o r o p l a s t  d e s t r u c t i o n  were d i s e a s e  
symptoms ob se rv ed  in  h o s t  c e l l s .  These o b s e r v a t io n s  a re  
c o n s i s t e n t  w i th  th e  f i n d in g s  o f  o t h e r  w orkers  (4 , 8 ,  10, 11, 12,
1+8
1*+, 15, 20 , 29) f o r  h o s t  c e l l  symptoms o f  d i s e a s e .
V e s ic l e  m a t e r i a l  s i m i l a r  in  app ea ran ce  to  g o lg i  v e s i c l e s  were 
o b se rv ed  in  th e  v i c i n i t y  o f  the  p a th o g e n  (F ig .  36, *+2). Some 
o f  th e  v e s i c l e s  a r e  p o s i t io n e d  e x t e r i o r  to  the  plasma membrane 
(F ig .  3 6 ) .  P ey ton  and Bowen (20) o b se rv ed  s e c r e t o r y  v e s i c l e s  in  
th e  c y to p lasm  around  th e  h a u s t o r i a  o f  P eron ospo ra  m anshurica  in  
G lyc in e  max h o s t  c e l l s .  These v e s i c l e s  were n o t  found in  c o n t r o l  
c e l l s .  They p ropo sed  t h a t  th e s e  v e s i c l e s  fu se d  w i th  th e  plasm a 
membrane, d i s c h a r g in g  t h e i r  c o n te n t s  i n t o  the  zone betw een the  
h o s t  p lasm a membrane and th e  p a r a s i t e  c e l l  w a l l .  Sm all segm ents 
o f  membrane were o b se rved  in  t h i s  zo n e .  A s i m i l a r  mechanism 
co u ld  be p o s t u l a t e d  f o r  P . i n f e s t a n s  in  tomato c e l l s  based  on 
th e  p a r t i c u l a t e  m a t t e r  found in  th e  s h e a th  m a t e r i a l  a t  the  base  
o f  th e  h a u s t o r i a .  However, no v e s i c l e s  were seen  to  fu se  w i th  th e  
h o s t  p lasm a membrane in  th e  c e l l s  s t u d i e d .
K is h i  (17) o b se rv ed  c e l l u l a r  d i s c o l o r a t i o n  in  i n f e c t e d  c e l l s  
15 to  29 h r  a f t e r  p e n e t r a t i o n  o f  s u s c e p t i b l e  tomato e p id e rm a l 
c e l l s  by ra c e  1 o f  P . i n f e s t a n s . The d i s c o l o r a t i o n  p roceeded  
from brown to  b l a c k .  Some c e l l s  ob se rv ed  in  th e  p r e s e n t  s tu d y  
were i n  l a t e  s t a g e s  o f  c e l l  d e s t r u c t i o n  (F ig .  99, 59, 55, 6 5 ) .
The c e l l  c o n te n t s  a re  d a rk e n e d .  S ince  c e l l  d a rk e n in g  i s  
a s s o c i a t e d  w i th  p h e n o l ic  compound s y n t h e s i s  (1 , 9 , 2 5 ) ,  i t  i s  
l i k e l y  t h a t  th e s e  c e l l s  c o n ta in  an a c c u m u la t io n  o f  p h e n o l ic  
compounds.
A h a u s to r iu m  o f  r a c e  0 i s  shown in  F ig .  65. The c e l l  c o n te n ts
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a p p e a r  to  have accum ula ted  a round  the  h a u s to r iu m . Whether t h i s  
i s  c h a r a c t e r i s t i c  o f  th e  r e s i s t a n t  h o s t  r e a c t i o n  was no t 
d e te rm in ed  because  o b s e r v a t io n  o f  r a c e  0 h a u s t o r i a  were r a r e .
The d a rk  s t a i n i n g  h a u s to r iu m  and p o r t i o n  o f  th e  i n t e r c e l l u l a r  
mycelium s u g g e s t  t h a t  t h i s  h a u s to r iu m  may be a n e c r o t i c  p o r t i o n  
o f  the  fu n g u s , s i m i l a r  to  th e  n e c r o t i c  h a u s t o r i a  o f  Albugo Candida 
o b se rved  by B e r l i n  and Bowen ( 4 ) .  K is h i  (17) observed  w ith  r a c e  0 
o f  P . i n f e s t a n s  t h a t  c e l l u l a r  d i s c o l o r a t i o n  o c c u rre d  w i th in  2 h r  
a f t e r  p e n e t r a t i o n .  A l l  c e l l u l a r  movement ceased  3 h r  a f t e r  
p e n e t r a t i o n  fo llo w ed  by the  c e l l  c o n te n t s  becoming g e l a t i n i z e d  
around the  fu n g a l  h a u s to r iu m .
W all l e s i o n s  were o b se rv ed  in  b o th  i n f e c t e d  and u n in f e c te d  
c e l l s  in  i n f e c te d  t i s s u e  (F ig .  30, 31, 33, 36, 37, 38, 40, 41,
58, 59, 66, 6 7 ) .  In  some c e l l s  p a r t i c u l a t e  m a t t e r  was found in  
th e  l e s i o n  a re a  (F ig .  30, 31, 33 , 36, 37, 38, 41, 6 6 ) .  T h is  
m a t e r i a l  c o u ld  r e p r e s e n t  s e c r e t o r y  m a t e r i a l  a n d /o r  v e s i c l e  
rem n an ts .  Some c e l l s  have l e s i o n s  w hich a r e  d a rk ly  s t a in e d  a s  a re  
th e  c e l l  w a l l s  in  th o se  a r e a s  (F ig .  58, 59, 6 7 ) .  I t  i s  l i k e l y  
t h a t  th e s e  c e l l s  have had in c r e a s e d  p h e n o l ic  compound s y n th e s i s  
(25) r e s u l t i n g  in  the  s t a in e d  w a l l s .  More e x te n s iv e  w a l l  l e s io n s  
were obse rv ed  in  u n in f e c te d  c e l l s  th an  i n  i n f e c t e d  c e l l s  which 
s u g g e s ts  t h a t  a fu n g a l  to x in  i s  in v o lv e d  in  p a th o g e n e s is .  H ost 
c e l l  w a l l  l e s i o n s  were f r e q u e n t l y  a s s o c i a t e d  w i th  e x te n s iv e  
c e l l u l a r  damage.
SUMMARY
S cann ing  E le c t r o n  M icroscopy
1 . Germ inated zo o sp o res  o f  P . i n f e s t a n s  were observed  on th e  
s u r f a c e  o f  in o c u la te d  tomato l e a f  t i s s u e .
2 . Some s p o ra n g ia  o f  P. i n f e s t a n s  g e rm in a ted  and p e n e t r a t e d  the  
h o s t  t i s s u e  e i t h e r  d i r e c t l y  th rough  the  e p id e rm a l  c e l l s  o r  
th ro ugh  s to m a ta l  o p en in g s  on the  l e a f  s u r f a c e .
3 . M y c e l ia l  s t r a n d s  o f  th e  fungus were o bserved  to  p a ss  th ro u g h  
s to m a ta l  o p e n in g s .
L eaf C le a r in g s
1. Germ inated and ungerm inated  s p o ra n g ia ,  z o o sp o re s  and mycelium 
o f  P . i n f e s t a n s  were found on the  s u r f a c e  o f  s t a in e d  tom ato 
l e a f  d i s c s .
2 .  I n t e r c e l l u l a r  mycelium w i th  s l e n d e r ,  f i n g e r - l i k e ,  cu rved  
h a u s t o r i a  were found in  abundance th ro u g h o u t  tomato l e a f  
t i s s u e  48 h r  a f t e r  i n o c u l a t i o n .
H is to lo g y
1. M a tr ix  m a t e r i a l  which s t a in e d  d i f f e r e n t l y  th an  th e  fu n g a l  
c e l l  w a l l  o r  th e  h o s t  c e l l  w a l l  was found betw een the  two 
c e l l  w a l l s .  S im i la r  m a t e r i a l  was p r e s e n t  betw een a d ja c e n t  
m y c e l ia l  s t r a n d s .
2 . A p a p i l l a - l i k e  s t r u c t u r e  o f  m o d if ied  h o s t  c e l l  w a l l  m a t e r i a l  
p re c e e d s  p e n e t r a t i o n  and developm ent o f  a h a u s to r iu m .
3 . Young c a p i t a t e  h a u s t o r i a  o f  P. i n f e s t a n s  a re  su rro und ed  by a
s h e a th  o f  m o d if ied  c e l l  w a l l  m a t e r i a l  which o f t e n  c o n ta in s
p a r t i c u l a t e  m a t e r i a l  embedded in  i t .
Mature h a u s t o r i a  have a c o l l a r  o f  s h e a th  m a t e r i a l  a round 
th e  b a s a l  p o r t i o n  o f  th e  h a u s to r iu m . The d i s t a l  p o r t i o n  o f  
th e  h a u s to r iu m  i s  n o t  covered  by a  s h e a th ,  b u t  a p p e a rs  to  
l i e  d i r e c t l y  a g a i n s t  the  h o s t  p lasm a membrane.
Sw ollen  endop lasm ic  r e t i c u lu m ,  in c r e a s e d  g o l g i  a c t i v i t y ,  
d i s t o r t e d  m ito c h o n d ria  and c h l o r o p l a s t  d e s t r u c t i o n  were 
e f f e c t s  o f  th e  d i s e a s e  o bserved  in  h o s t  c e l l s .
W all l e s i o n s  were observed  in  b o th  i n f e c t e d  and u n in f e c te d  
c e l l s .  More e x te n s iv e  w a l l  l e s i o n s  were found in  u n in f e c te d  
th an  i n f e c t e d  c e l l s .
Mycelium was found i n t r a c e l l u l a r l y  i n  xylem v e s s e l s  o f  tomato 
l e a f l e t s .
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